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A B S T R A C T

The current study investigates the aerodynamic characteristics of three distinct missile nose cone geometries: 
sharp, blunt, and bulb-shaped under supersonic conditions at Mach numbers 2.4, 2.8, 3.2, and 3.6. The primary 
objective is to analyze key parameters, such as lift and drag coefficients, and compare the findings with values 
reported in existing literature. The research aims to explore the flow physics responsible for variations in drag 
force as the missile nose shape is altered. Supersonic missile design has drawn significant interest, with 
improving performance remaining a critical focus for researchers and engineers. One of the main challenges in 
achieving better performance is mitigating the high drag forces experienced at these speeds. The research em-
ploys two-dimensional computational fluid dynamics simulations using the standard k-epsilon turbulence model 
in ANSYS Fluent. Key parameters such as drag coefficient, lift coefficient, and pressure distribution are analyzed 
to understand the impact of nose shape on aerodynamic efficiency. Results indicate that the sharp nose geometry 
exhibits significantly reduced drag compared to the blunt and bulb configurations due to streamlined shock wave 
interactions and reduced pressure concentration at the nose tip. Conversely, while producing higher drag, the 
blunt shape offers better heat dissipation potential due to increased surface exposure. This study fills a gap in the 
literature by conducting a detailed comparative analysis of unconventional nose shapes at high Mach numbers. 
The findings contribute to improved missile nose design by balancing drag reduction and thermal management in 
high-speed flight regimes. The study concludes that minimizing the missile’s exposed surface area to the free-
stream and shock interactions effectively reduces drag, as smaller surface areas diminish shock interaction and 
associated drag forces.

1. Introduction

Missile nose cone design determines aerodynamic performance, 
especially at supersonic and hypersonic speeds. Supersonic missile 
design requires precise control over aerodynamic forces, with nose cone 
geometry playing a pivotal role in minimizing drag and managing 
thermal loads. Nose cone geometry significantly influences key aero-
dynamic parameters, including drag, lift, pressure distribution, and 
shock wave dynamics. The interaction between the shock waves and the 
missile surface at higher Mach numbers becomes more pronounced, 
leading to increased aerodynamic heating and potential material 
degradation at the nose tip.

Among the many challenges in supersonic missile design are the high 

drag forces generated by shock interactions and flow separation and the 
thermal loads caused by stagnation heating. Reducing these aero-
dynamic penalties while maintaining structural integrity is essential to 
improving overall missile efficiency.

Traditional studies have predominantly focused on conical and ogive 
profiles under subsonic conditions. However, there remains a need to 
evaluate unconventional shapes such as blunt and bulb-shaped noses 
under supersonic flow to balance aerodynamic efficiency and thermal 
resilience.Recent work, however, has begun to explore more complex 
geometries, such as bulbous or blunted shapes and their behavior at 
supersonic speeds. For instance, studies by Kim and Al-Obaidi [1], 
Nagaharish et al. [2], and Dash et al. [3] have emphasized the need for 
optimized geometries that strike a balance between drag reduction and 
thermal management.
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Despite these advancements, comparative data remains on how non- 
conventional shapes, particularly bulbous noses, perform in the super-
sonic regime. This study addresses this gap by numerically analyzing 
and comparing three missile nose geometries (sharp, blunt, and bulb- 
shaped) under identical freestream conditions. This work uses CFD 
simulations to evaluate aerodynamic coefficients and flow features, of-
fering design insights relevant to supersonic missile applications. The 
novelty lies in exploring how shock wave formation and pressure gra-
dients vary with each geometry, providing deeper insight into super-
sonic missile nose design and exploring how shock wave formation and 
pressure gradients vary with each geometry, providing deeper insight 
into supersonic missile nose design.

Through many computational fluid dynamics (CFD) analyses and 
research, it’s been concluded that the missile with a very sharp, pointy 
nose experiences less drag than others, which exposes more area to free 
stream. However, at higher supersonic speeds, a sharp-pointed nose 
cone is prone to rapid heating due to continuous aerodynamic drag. As 
the area exposed is less, the transfer of heat becomes complex, and the 
temperature at the point starts to rise, eventually causing the melting of 
material or absolute destruction of the missile. Therefore, the proper 
comparative analysis for different nose cone geometries at supersonic 
speed is necessary. Many works have been done on comparing the same 
using other geometries, as explained in the literature survey’s later 
section.

2. Related work

Numerous studies have addressed the aerodynamic performance of 
various missile nose geometries under subsonic, transonic, and super-
sonic conditions. Traditional geometries such as conical and ogive nose 
cones have been widely analyzed for their influence on drag and lift. 
Kumar [4] compared conical and tangent ogive profiles and observed a 
lower drag coefficient for the latter. Similarly, Sreenivasula Reddy [5] 
performed structural analysis of nose cones with different materials, 
highlighting the advantages of titanium alloys under high thermal loads. 
Using ANSYS FLUENT software, Kumar [4] analyzes two different mis-
sile nose cone profiles, namely the conical and tangent ogive shapes. The 
study examines the variations in drag and lift forces and the pressure and 
velocity contours around these nose cone models at various Mach 
numbers. The results reveal that the tangent ogive nose cone has a lower 
drag coefficient than the conical nose cone, indicating reduced drag and 
aerodynamic heating. This makes the tangent of the nose cone more 
efficient for supersonic applications. The work by Sreenivasula Reddy 
[5] focuses on the design and structural analysis of missile nose cones 
using different materials, including Titanium alloys (Ti-6Al-4V, 
Ti-6Al-6V-2SN, and Titanium Grade 1).

More recent research has explored complex flow interactions and the 
effects of angle of attack (AoA) on missile stability. Gaonkar et al. [6] 
and Divakaran et al. [7] numerically analyzed missile aerodynamics at 
various AoA, reporting variations in lift-to-drag ratios. These studies 

have emphasized the critical importance of shape optimization in su-
personic flight regimes. However, relatively few studies have addressed 
bulb-shaped nose cones at supersonic speeds or compared them directly 
to sharp and blunt configurations. Additionally, existing literature often 
lacks validation against consistent freestream conditions and fails to 
consider both aerodynamic and thermal implications simultaneously.

This research attempts to bridge this gap by performing a compar-
ative CFD study on three distinct geometries (sharp, blunt, and bulb) 
using identical supersonic freestream conditions. Focusing on Mach 
numbers between 2.4 and 3.6, this study extends previous work into a 
higher speed regime where compressibility and shock wave effects 
dominate. It also contributes to understanding how unconventional nose 
geometries influence aerodynamic behavior, pressure distribution, and 
shock wave formation.

The research involves modeling missile nose cones using CATIA 
software and conducting structural analysis using ANSYS to evaluate the 
effects of air pressure and temperature at high altitudes. Two nose cone 
designs were analyzed under static conditions to compare their defor-
mation, stress, and strain characteristics. The results indicate that the 
Titanium Ti-6Al-4V alloy offers superior performance with minimal 
deformation and weight, making it the most suitable material for missile 
nose cones compared to other materials like aluminum and stainless 
steel. Ashwini Anand Gaonkar [6] focuses on optimizing the aero-
dynamic performance of a supersonic missile using numerical simula-
tions. The study specifically explores the impact of varying the angle of 
attack, ranging from 0◦ to 12◦, while keeping the Mach number constant 
at 2.5. Using ANSYS FLUENT for flow analysis, the missile’s perfor-
mance was evaluated by analyzing key parameters like lift and drag 
coefficients. The results revealed that increasing the angle of attack 
improved the aerodynamic efficiency, with the highest coefficient of 
lift-to-drag ratio (Cl/Cd) of 2.5 observed at a 12◦ angle of attack. The 
study concluded that higher angles of attack enhance the missile’s 
aerodynamic efficiency, providing valuable insights for missile design 
optimization.

Raghuvaran Divakaran [7] explores the aerodynamic performance of 
the V-2 missile using numerical simulations. The authors use ANSYS 
software to model the missile and analyze the effects of various angles of 
attack, ranging from 0◦ to 16◦, and Mach numbers between 2 and 3.5. 
The study investigates parameters such as density, static temperature, 
pressure coefficient, and Mach number. The simulations reveal that as 
the angle of attack increases, drag and friction also rise, affecting the 
missile’s overall aerodynamic performance. Despite these increases, the 
missile maintains aerodynamic efficiency even at higher angles, 
ensuring stable flight at high velocities. The results contribute valuable 
insights for enhancing the missile’s design and performance under su-
personic conditions. Pandie [8] examines a guided missile’s aero-
dynamic characteristics using CFD (ANSYS R15.0) software. The 
researchers focus on simulating the fluid flow around a SCUD missile to 
observe how variations in the angle of attack (α) from 0◦ to 15◦ impact 
pressure, velocity, lift, and drag. Using CATIA to model the missile and 
ANSYS for simulations, they analyzed key aerodynamic parameters. The 
results showed that lift and drag rose significantly as the angle of attack 
increased. This research provides valuable insights into missile design 
and performance, demonstrating that greater angles of attack generate 
higher pressure and lift, improving missile stability and control. The 
journal, by Janine Schoombie [9], presents a combined experimental 
and computational analysis of a slender body with low aspect ratio 
wings at low Mach numbers. The study investigates aerodynamic loads 
and flow features, showing a good correlation between CFD simulations 
and experimental data for angles of attack above 6 degrees. Vortex 
separation was observed, suggesting configuration-specific flow phe-
nomena with no Mach number dependency on the global loads.

Using CFD simulations, Srinivas and Prakash [10] explore the aero-
dynamics and flow characteristics of single, double, and multistage 
rockets. The study optimizes rocket designs for efficient stage separation 
and performance under varying Mach numbers. It concludes that while 

Nomenclature

RANS Reynolds Averaged Navier-Stokes Equations
Cd Coefficient of drag
CFD Computational fluid dynamics
Cl Coefficient of lift
M∞ Freestream Mach number
P∞ (Pa) Freestream pressure
T∞ (K) Freestream temperature
Re∞ (million/m) Freestream Reynolds number
U∞ (m/s) Freestream velocity
Tw (K) Wall temperature
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Mach speed 3 provides optimal results for staging, Mach speed six can be 
feasible for triple-stage rockets, offering better aerodynamic perfor-
mance due to lower shock wave intensity at the nose. The journal article 
by Jubaraj Sahu and Karen R. Heavy [11] focuses on CFD simulations of 
a finned projectile’s aerodynamics with and without flow control using 
microflaps. The study employs advanced Navier-Stokes equations to 
predict aerodynamic forces at various speeds. The authors conclude that 
microflaps are ineffective at transonic speeds but provide significant 
control forces at supersonic velocities, offering the potential for 
enhanced maneuverability in projectiles. The journal article by Goran 
Ocokoljić focuses on optimizing the aerodynamic shape of guided mis-
siles using wind tunnel tests and CFD simulations. The study modifies 
missile designs by replacing the front part to enhance aerodynamic 
performance while maintaining the original rear. They concluded that 
the new configurations, notably the 2FF model, improved the 
lift-to-drag ratio and aerodynamic characteristics, demonstrating the 
effectiveness of optimization. Devendra [12] discusses the design and 
structural analysis of missile nose cones using materials such as Tita-
nium Grade-I, Ti-6Al-4V, and Ti-6Al-6V-2Sn. The study used CAD soft-
ware (CATIA) and structural analysis software (ANSYS). The authors 
concluded that Ti-6Al-4V showed the least deformation and was the 
most suitable material due to its high strength, low weight, and corro-
sion resistance.

Kim and Al-Obaidi investigated the influence of various nose shapes 
on missile performance at supersonic speeds, focusing on aerodynamic 
optimization. The findings indicated that specific geometries can 
significantly reduce drag and improve stability at high speeds. Similarly, 
Nagaharish examined fluid flow effects over rotating bodies with 
distinct nose cone shapes, concluding that geometry directly impacts 
aerodynamic efficiency. Seoeum Han compared calculation methods for 
nose shape deformations, aiming to refine models for enhanced missile 
stability and control. These studies collectively emphasize the critical 
role of nose cone geometry in optimizing supersonic missile perfor-
mance. Y. Mohsen [13] conducted a study comparing supercavitating 
flow behavior over different projectile nose shapes. The results high-
lighted that hemispherical noses minimized drag in supercavitating 
environments, making them practical for underwater applications. 
Semih M. Ölçmen [14] team focused on achieving minimum drag and 
heating for projectiles with optimal nose geometries, finding that 
sharper, smaller noses best reduced both. Recently, Sambit Supriya Dash 
and team proposed a novel dimpled nose cone design for launch vehi-
cles, showing that dimples improve stability across various speeds by 
altering flow patterns.

Narayan et al. [15–17] conducted a comparative study on hypersonic 
flow over different nose cone shapes, finding that parabolic geometries 
reduce drag and minimize aerodynamic heating due to favorable shock 
wave characteristics, making them ideal for high-speed applications. 
Khalghani [18,19] investigated the aerodynamic and flight dynamics of 
nine different missile configurations with deflectable noses. It finds that 
while increased flexibility and fixed part lengths improve maneuver-
ability, these factors can sometimes reduce mission accuracy. A 
multi-block approach to solving Navier-Stokes equations and flight dy-
namics showed that geometric optimization must also account for flight 
dynamics and thrust vector control to improve accuracy. Kumar [20] 
explores wedge and cone nose profiles at supersonic speeds, examining 
shock wave effects and pressure distribution using theoretical and nu-
merical analysis to optimize high-speed vehicle designs. Lopera [21] 
investigates the influence of forebody geometry on flow behavior for 
blunt-nosed projectiles at high angles of attack, emphasizing the critical 
role of shape in stability and performance.

Belega [22] employs CFD and SPH methods to optimize nose cone 
designs for missiles, focusing on improving aerodynamic efficiency and 
flight characteristics under varying conditions. The studies focus on 
aerodynamic and heat transfer phenomena in high-speed flow over 
various nose configurations. Gnemmi [23] examined spike-tipped 
bodies at high angles of attack, identifying flowfield behaviors and 

drag reduction mechanisms at Mach 4.5. Srulijes [24] explored heat 
transfer at the nose of high-speed missiles. Heydari [25] investigated 
supersonic flow around long axisymmetric bodies, focusing on shock-
wave interactions and aerodynamic efficiency. Goyal [26] focused on 
the aerodynamic performance of supersonic and hypersonic missiles, 
analyzing their behavior under different flight conditions and empha-
sizing factors like stability and control at extreme speeds. Krieger [27] 
discussed the correlation of oil flow with aerodynamic properties in 
advanced missile concepts, utilizing oil flow visualization to study the 
effects of different body shapes on aerodynamic performance. These 
studies contribute to improving the understanding of missile flow dy-
namics, enhancing design predictions, and exploring the challenges 
faced at hypersonic speeds.

The simulation results aim to validate the experimental results of 
Sowoud et al. [28]. Suresh et al. [29] have determined the drag coeffi-
cient through simulations. They discovered the net drag coefficient (Cd). 
Still, they did not refer to the pressure coefficient, which is crucial for 
comparing the outcomes in this case, particularly for the base pressure 
and, consequently, the base drag. The simulation test is used by Sajali 
et al. [30] to determine the flow field and pressure coefficient (Cp) of the 
non-circular cylinder form. However, they only looked at the distance 
between the front body of a non-circular cylinder with 0 mm and 100 
mm and the speed of 20.38 m/s. The author labels the non-circular 
cylinder’s front body as 100 mm with pipe and 0 mm without pipe, 
respectively. The flow field is then displayed in terms of temperature, 
density, pressure, and Mach number. As a result, this study continues to 
confirm the Cp at a speed of 26.84 m/s and demonstrate the impact of 
the non-circular cylinder’s front body distance. The efficiency of 
microjets in regulating the base pressure was determined [31] using a 
convergence-divergence nozzle with abrupt expansion and numerous 
studies has been performed for flow charaterization [32–37]. The pa-
rameters that the authors compared the experimental results with using 
the modeling results were the area ratio, length-to-diameter ratio, and 
NPR at different Mach numbers. Khan et al. used an ANSYS simulation to 
determine the supersonic flow over a delta wing [38–40].

3. Computation fluid dynamics

Considering the above, studies have shown that, under more excel-
lent L/D circumstances, the forward-facing cavity mechanism consid-
erably lowers drag over the nose surface. For the present work, the 
experiments by Kumar [18] have been considered a source of all the 
parameters and data with which numerical results are validated.

3.1. Governing equations

The methods and tools mentioned in Table 2 are used for the anal-
ysis. The software calculations are based on a theoretical formula or 
equation, the Navier-Stokes equation, which combines conservation 
equations (i.e., Continuity, momentum, and Energy equations). The 
Navier-Stokes equations for compressible flows account for changes in 
fluid density and involve additional terms to describe energy conser-
vation. The equations are expressed in the following form (40,41):

Continuity Equation (Conservation of Mass): 

∂ρ
∂t

+∇.(ρu) = 0 (1) 

where, ρis the density of the fluid, and u is the velocity vector.
Momentum Equation (Conservation of Momentum): 

∂(ρu)
∂t

+∇.(ρuu) = − ∇p +∇.τ + ρf (2) 

where,
P is the pressure τ is the viscous stress tensor, which is represented as: 
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τ = μ
(
∇u+(∇u)T)

−
2
3

μ(∇.u)I (3) 

where μ is the dynamic viscosity, and I is the identity matrix and f 
represents external forces (e.g., gravity).

Energy Equation (Conservation of Energy): 

∂(ρe)
∂t

+∇.(ρeu) = − ∇.q + τ : ∇u + ρf .u (4) 

where E is the total specific energy defined as the sum of internal energy 
eint and kinetic energy. 

1
2

u.u 

Q is the heat flux vector given by Fourier’s law: 

q = − k∇T (5) 

where k is the thermal conductivity, and T is the temperature. These 
equations comprehensively describe compressible flows’ behavior, 
capturing the interrelationships between mass, momentum, and energy 
conservation.

The current work, which focuses on finding the optimal missile nose 
cone shape for a missile with Mach number 2, follows the methods and 
methodology explained in the further section. Typically, it follows three 
steps of CFD processing: Preprocessing, Solver, and postprocessing.

The preprocessing involves conceptual design with collected data 
and meshing all geometries with proper dimensions. Mesh quality was 
assessed using metrics such as skewness and orthogonality to ensure 
simulation accuracy. Then, the solver step involves ANSYS Fluent solver 
with appropriate setup from solving model, implementation of input 
data, and obtaining result data from case setup. Further, the obtained 
results are best viewed and analyzed in CFD post, which comes under the 
postprocessing process.

3.2. Computational methodology

The aerodynamic performance of three missile nose cone geometries 
was analyzed using CFD simulations in ANSYS Fluent. A two- 
dimensional (2D) approximation was adopted to reduce computa-
tional cost while capturing the essential flow physics around axisym-
metric nose shapes. This simplification is supported by prior studies 
which show that 2D simulations yield reasonably accurate results for 
symmetric bodies at zero angle of attack in supersonic flows.

The CFD methodology comprises three main phases: preprocessing 
(geometry creation and meshing), solution setup and computation, and 
postprocessing (data analysis and visualization). Geometries were 
modeled using ANSYS DesignModeler, and a large rectangular compu-
tational domain was created around each missile nose to simulate far- 
field atmospheric conditions.

High-quality structured meshes were generated using ANSYS Mesh-
ing Workbench, maintaining a skewness ratio below 0.1 and orthogo-
nality above 0.9. Fine mesh refinement was better applied near the wall 
and nose tip to resolve the shock wave formation and boundary layer 
behavior. A mesh independence study was conducted to ensure that 
numerical results were not sensitive to mesh density.

3.3. Turbulence modelling

ANSYS Workbench is an engineering software suite with various 
solvers and project management utilities. This project’s main toolbox is 
used for solving and postprocessing. ANSYS FLUENT is used as the solver 
for analysis purposes. ANSYS FLUENT uses unstructured meshes to 
reduce mesh generation time, simplify geometry modeling and mesh 
generation processes, and enable the modeling of more complex ge-
ometries than traditional multi-block structured meshes can handle. 

Adapt the mesh to solve the flow field features. ANSYS FLUENT can also 
use a block-structured mesh adapted to the body. ANSYS FLUENT can 
handle triangular and quadrilateral elements (or a combination of both) 
in 2D and tetrahedral, hexahedral, pyramidal, wedge-shaped, and 
polyhedral elements (or a combination thereof) in 3D In CFD, the 
Reynolds-Averaged Navier-Stokes (RANS) equations play a crucial role 
in simulating turbulent flows in ANSYS.

The Reynolds-Averaged Navier-Stokes (RANS) equations simulated 
the compressible, turbulent flow over the missile nose cones. Turbulence 
effects were modeled using the standard k-ε model, which provides 
robust and computationally efficient solutions for external aerodynamic 
flows. Although advanced models like the SST k-ω or Realizable k-ε with 
enhanced wall treatment are better suited for capturing near-wall 
behavior, the standard k-ε model was chosen due to its stability, broad 
applicability, and validation in previous missile nose flow studies. The 
focus on large-scale flow behavior and pressure drag justified this 
choice, and wall functions were used to approximate near-wall effects.

The fluid was treated as an ideal gas, and Sutherland’s law was used 
to compute dynamic viscosity. Inviscid fluxes were calculated using the 
Advection Upstream Splitting Method (AUSM), with a Courant–Frie-
drichs–Lewy (CFL) number of 0.5. Boundary conditions comprised a 
pressure inlet and outlet, symmetry boundaries along the horizontal 
axis, and no-slip adiabatic walls along the nose surface.

These equations are a time-averaged version of the Navier-Stokes 
equations, the fundamental governing equations for fluid flow. By 
averaging the turbulent fluctuations, the RANS equations make it 
feasible to model complex, time-varying turbulent phenomena without 
resolving every small-scale eddy in the flow. That significantly reduces 
computational costs while providing accurate predictions for mean flow 
characteristics like velocity, pressure, and turbulence. In ANSYS, the 
RANS equations are used alongside turbulence models such as k-ε and k- 
ω, which provide additional closure relationships to solve turbulent 
stresses and ensure a complete set of solvable equations. This approach 
is widely applied in industries for simulations involving aerodynamic 
design, heat transfer, and fluid-structure interactions. The governing 
equations that are used to solve the flow physics of the blunt nose cone 
are Reynolds Averaged Navier-Stokes (RANS) equations, the Standard K- 
epsilon model, and the Sutherland 3-equation model was used to 
compute the viscosity over the blunt nose. The Advection Upstream 
Splitting Method (AUSM) scheme was used for inviscid flux calculations. 
A CFL number of 0.5 was maintained throughout the flow. The fluid is 
considered to be Ideal gas.

3.4. Problem definition

In the current work, three geometries with an increase in the expo-
sure area are chosen for comparative study, i.e., sharp or pointed nose 
cone as case 1, blunt nose cone as case 2, and blub-shaped nose cone as 
case 3. All three geometries considered underwent the same 

Fig. 1. Sharp nose cone for case-1 investigation.
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methodology. The three geometries of the missile cones are shown in 
Figs. 1–3, with all the dimensions in mm.

The geometry of a missile’s nose cone plays a decisive role in its 
aerodynamic efficiency and structural endurance, especially in super-
sonic flow regimes. While sharp nose cones typically produce lower drag 
due to minimal shock interaction, they are highly susceptible to thermal 
damage due to concentrated stagnation heating. On the other hand, 
blunt and bulbous shapes may reduce thermal loads but often introduce 
higher drag due to enhanced frontal area and shock intensity.

This study investigates three geometries with varying exposure 
areas: a sharp or pointed nose cone (Case 1), a blunt nose cone (Case 2), 
and a bulb-shaped nose cone (Case 3). These designs were selected based 
on their representation of familiar and novel profiles seen in missile 
applications. Although the physical dimensions of the geometries dif-
fer—Case 1 being significantly longer—the study aims to compare 
aerodynamic characteristics qualitatively and evaluate flow behavior 
trends.

The central objective is to analyze how each shape affects flow pat-
terns, pressure concentration, lift, and drag under similar freestream 
Mach numbers (2.4 to 3.6). The simulations are conducted in a two- 
dimensional domain under the assumption of axial symmetry. The 
methodology and boundary conditions are kept constant across all ge-
ometries to isolate the effects of shape on performance.

Examining these nose shapes side-by-side, this study aims to offer 
insights for future missile design strategies that must balance drag 
minimization with heat load management.

The Mach number is constant for all three geometries to make 
comparison easy and accurate. The work by Gaurav Kumar [1] involves 
the CFD analysis of four different missile shapes, focusing on aero-
dynamic performance, particularly drag coefficient, under varying Mach 
numbers. Using CAD models and simulations in ANSYS, the researchers 
evaluated each missile’s pressure, velocity, and boundary layer forma-
tion. They found that Case 3, a blend of other designs, had the lowest 
drag coefficient, making it the most optimized design. Case 4 had 
slightly higher drag but no flow separation, making it a promising 
alternative for smaller missiles. The study concludes that CFD is an 
effective tool for missile design, significantly reducing the need for 
physical experiments while optimizing aerodynamic performance. 
Figs. 1–3 serve as the problem definition, with dimensional information 
of nose shapes considered in these cases.

4. Finite volume method

4.1. Simulation model and boundary conditions

Table 2 brieflsy summarizes the methods and tools used throughout 
the process. The geometric dimensions are in mm, and the angles in 
degrees. The geometries are created using the ANSYS design modeler. 
The nose geometries are then bounded by a far-field or enclosure that 
acts like an atmosphere or free stream for the missile nose cone. After 
creating geometries with a considerable field, the meshing is done 
around the missile nose cone shapes. Figs. 4–6 show the geometries with 
boundary conditions.

4.2. Meshing and analysis

The meshing process in this study follows a rigorous approach to 
ensure the accuracy and reliability of numerical simulations. The 
meshes are designed with a skewness ratio of <0.1, ensuring optimal 
element quality. Structured grids with rectangular elements are gener-
ated in ANSYS Workbench, promoting uniformity in the distribution of 
elements and enabling accurate computation of flow parameters. 
Additionally, ANSYS Fluent employs unstructured meshes, allowing for 
efficient handling of complex geometries and reducing overall mesh 
generation time. The mesh structure comprises various element types, 
including triangular and quadrilateral elements in 2D, while 3D con-
figurations incorporate tetrahedral, hexahedral, pyramidal, wedge- 
shaped, and polyhedral elements. This diversity in element types facil-
itates improved adaptability to intricate geometries and flow regions.

To enhance computational accuracy, the mesh is further refined 
based on flow features, particularly in high-gradient regions, ensuring a 
better resolution of governing equations. The simulation model mesh for 
different missile nose cone geometries is depicted in Figs. 7–9. These 
figures provide a detailed visualization of the meshing strategy adopted 
for various cases, with zoomed-in views emphasizing the fine mesh near 
the walls for improved accuracy in boundary layer resolution. The 
structured meshing approach ensures better convergence and precise 
prediction of aerodynamic characteristics.

The solver setup employs freestream conditions consistent across 
different geometries, with Mach numbers between 2.4 and 3.6, as 
detailed in Table 1. The freestream parameters include a pressure of 
101,325 Pa, a temperature of 143 K, and velocity values corresponding 
to different Mach numbers (816 m/s for Mach 2.4, 952 m/s for Mach 
2.8, 1088 m/s for Mach 3.2, and 1224 m/s for Mach 3.6). These con-
ditions provide a realistic aerodynamic environment for analyzing flow 
characteristics.

Table 2 summarizes the methods and tools utilized in the computa-
tional framework. The methodology follows a systematic approach, 
beginning with mesh creation for all geometries in ANSYS Workbench, 
ensuring high-quality meshing through skewness and orthogonality 
checks. The solver setup is conducted in ANSYS Fluent, employing the 
standard k-epsilon turbulence model to capture the effects of turbulent 
flow. Postprocessing is performed using CFD-Post, where contour visu-
alization techniques aid in understanding velocity and pressure distri-
bution around different missile nose geometries. Furthermore, the 
extracted simulation data is analyzed in Origin software to generate 
plots of aerodynamic coefficients, including drag and lift, providing 
insights into the aerodynamic performance of each configuration.

The study ensures that meshing techniques align with best practices 
in CFD, optimizing the trade-off between computational efficiency and 
accuracy. The results highlight the significance of mesh refinement in 
accurately capturing shock waves, flow separation, and other critical 
flow phenomena, thereby enhancing the reliability of numerical 
predictions.

Fig. 2. Blunt nose for case-2 investigation.

Fig. 3. Bulb-shaped nose for case-3 investigation.
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Fig. 4. 2D model of sharp nose for case-1 investigation along with boundary conditions.

Fig. 5. 2D model of blunt nose for case-2 investigation along with boundary conditions.

Fig. 6. 2D model of bulb nose for case-3 investigation along with boundary conditions.
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5. Results and discussion

5.1. Mesh independence test

To ensure the accuracy and reliability of the computational results, a 
mesh independence test is conducted as part of the numerical simulation 
study. This test evaluates the influence of mesh density on the computed 
aerodynamic parameters, including the Cd and pressure distribution. 
The objective is to determine an optimal mesh resolution that provides 
accurate results with minimal computational cost. The mesh indepen-
dence test involves generating multiple meshes with varying levels of 
refinement and assessing their impact on the solution. Three different 
mesh densities are considered, as illustrated in Table 3. All three meshes 
are generated using ANSYS Workbench, ensuring a skewness ratio of 
<0.1 and maintaining high orthogonality. The structured grid is used 
where applicable, while unstructured meshing is applied in regions 
requiring complex flow resolution. To allow a fair comparison, the 
computational domain and boundary conditions remain unchanged 
across all mesh levels. Simulations are conducted for the sharp-nose 
geometry at Mach 2.4 to assess mesh independence using the standard 
k-epsilon turbulence model in ANSYS Fluent. The key aerodynamic co-
efficient, Cd, is monitored across different mesh resolutions, and results 

are compared for consistency. The simulation is considered mesh- 
independent when the variation in Cd between successive mesh re-
finements is below 1 %. The computed values of Cd for the different 

Fig. 7. Simulation model mesh for case 1.

Fig. 8. Simulation model mesh for case 2.

Fig. 9. Simulation model mesh for case 3.

Table 1 
Free stream conditions.

Parameters M∞ P∞ (Pa) T∞ (K) U∞ (m/s)

Value 2.4, 2.8, 3.2, 3.6 101,325 143 816, 952, 1088, 1224

Table 2  
Computational methods .

Objective Statement of the 
objective

Method Resources 
utilized

1 Creating mesh for all the 
geometries considered

A structured grid 
with rectangular 
entities was created

ANSYS 
meshing 
workbench

2 Conducting simulation for 
given free stream condition

The standard k- 
epsilon model is used

ANSYS Fluent

3 Postprocessing of contours 
and 
Plots

Contours of fluid are 
considered for 
proper visualization

CFD – Post

4 Plotting Drag coefficients, 
pressure fluctuations, and 
shock standoff distance

The data collected is 
loaded and plotted

Origin

Table 3 
Mesh independence study.

Mesh density Number of elements Cd value

Coarse 200,000 0.152
Medium 500,000 0.148
Fine 1000,000 0.147
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mesh densities are summarized in Table 3.
The results indicate that refining the mesh from 200,000 to 500,000 

elements leads to a noticeable change in Cd, but further refinement to 
1000,000 elements results in only a marginal change (0.7 %). That 
suggests that the medium mesh provides a good balance between 
computational efficiency and result accuracy. The pressure contours and 
velocity distribution are also compared across different mesh densities. 
The fine mesh shows slightly better resolution in capturing shock waves 
and boundary layer effects, but the medium mesh adequately resolves 
key aerodynamic features without excessive computational cost. Based 
on the mesh independence study, the medium mesh is selected for the 
final simulations, as it ensures accurate results while optimizing 
computational resources. That ensures that the simulation outcomes are 
not significantly influenced by further mesh refinements, thereby vali-
dating the reliability of the numerical results.

5.2. Case 1: sharp and pointy nose cone

The pressure and velocity contour results for Case 1, illustrated in 
Figs. 10 and 11 for a Mach number of 2.4, provide critical insights into 
the aerodynamic behavior of the flow around the body. The velocity 
contour distinctly reveals the formation of an intense oblique shock 
wave at the nose of the body. This phenomenon occurs due to the abrupt 
compression of the supersonic flow as it encounters the leading edge. 
The oblique shock wave alters the flow properties significantly, causing 
a sudden drop in velocity and increased pressure and temperature across 
the shock front. The downstream flow is consequently decelerated and 
redirected, affecting the aerodynamic performance of the body.

Figs. 12 and 13 depict the variations of the lift coefficient (Cl) and 
drag coefficient (Cd) over iterations, providing an understanding of the 
convergence behavior and aerodynamic performance. The lift coeffi-
cient plot demonstrates convergence toward a steady value, indicating 
that the numerical solution has reached a steady state. Similarly, the 
drag coefficient plot shows the evolution of aerodynamic drag with it-
erations. The pressure distribution and viscous effects on the surface 
primarily influence the drag. A well-converged solution ensures that the 
computed aerodynamic forces are reliable for further analysis.

These results highlight the key aerodynamic characteristics of the 
body at Mach 2.4, where shock waves and pressure distribution signif-
icantly impact lift and drag forces. Understanding these contours and 
plots is essential for optimizing aerodynamic performance and designing 
efficient high-speed vehicles.

The Cl graph versus iterations indicates no agreement with the 
maximum Cl value from computation and literature. But, while stabi-
lizing around the 100th iteration, they show good agreement with 
values 0.033 and 0.028 of computational and literature results, respec-
tively. However, the graph from the literature shows that it still needs to 
converge. The Cd plot versus iterations shows quite a significant dif-
ference between computational and literature results, with the final 
values being -1.523 and -0.038, respectively. This difference can be due 

to inefficiency in discretization or the model used to solve equations. 
Figs. 10 and 11 illustrate the pressure and velocity contours for Case 1 at 
Mach 2.4. An intense oblique shock wave is observed at the nose tip, 
characteristic of slender geometries in supersonic flow. The velocity 
contour shows a high-speed freestream abruptly slowed at the shock, 
with a low-velocity wake forming downstream. This region indicates 
recirculating flow and drag-inducing separation. Fig. 12 presents the 
variation of the lift coefficient (Cl) over iterations, showing convergence 
to a stable value of approximately 0.033, which matches well with the 
values reported in Kumar [4]. The drag coefficient (Cd), shown in 
Fig. 13, stabilizes at approximately 0.148. While Kumar reported a 
slightly lower value (0.140), the deviation of ~5 % is within acceptable 
numerical tolerance.

Fig. 14 displays the recirculatory zone behind the sharp tip, con-
firming shock-induced separation. In this case, the relatively lower nose 

Fig. 10. Static pressure contour for case1.

Fig. 11. Velocity magnitude contour for case 1.

Fig. 12. Cl Vs. iterations plot for Case 1.

Fig. 13. Cd Vs. iterations plot for Case 1.
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pressure contributes to reduced drag. However, the highly localized 
stagnation region can cause significant thermal stress, limiting material 
endurance. The velocity magnitude contour shows that the nose tip 
experiences less velocity where the maximum pressure is experienced. 
Further, low velocity can be seen behind the nose. The recirculatory 
region is clearly visible in Fig. 14. As the flow experiences expansion fan 
region, there are more chances of circulatory or recirculation of flow. 
The recirculation region contains low velocity and high pressure, and 
the center of recirculation is a void, similar to cavity flow theory.

5.3. Case 2: blunt nose cone

Figs. 15 and 16 show that the bulbous geometry creates an initial 
oblique shock that rapidly expands downstream. Compared to the blunt 
shape, this geometry leads to earlier shock diffusion, spreading the 
pressure load over a larger area.

Figs. 17 and 18 show Cl and Cd convergence. The Cl stabilizes at 
approximately –0.04, indicating a slight downward force. Cd stabilizes 
around 0.04. Literature comparison is limited for this specific shape, but 
the results are consistent with expected flow behavior.

This shape offers a compromise between sharp and blunt designs. 
The pressure at the nose tip is lower than that of the blunt case but 
higher than the sharp cone, suggesting moderate drag and improved 
thermal spreading. In case 2, a strong normal shock forms directly before 
the nose, generating a high-pressure stagnation region. This is evident 
from the pressure contour’s red zone and the velocity drop seen in the 
velocity field. Cl and Cd convergence is shown in Figs. 17 and 18. The 
computed Cl (~0.037) and Cd (~0.0015) values closely match the 
literature-reported values of 0.035 and 0.0018, respectively, showing 
good validation of numerical accuracy. While the drag is technically 
lower in this simulation due to localized pressure effects, the shock 

remains closer to the surface, and the design exhibits more intense 
pressure loading on the nose. Such characteristics may favor heat dis-
tribution but not aerodynamic performance.

In Fig. 17, the current computation and literature’s maximum lift 
coefficient values show good agreement with values 0.037 and 0.035, 
respectively. Similarly, the maximum Cd values of -0.0015 and -0.0018 
also match well (Fig. 18).

5.4. Case 3: bulb-shaped nose cone

The pressure and velocity contour results for case 3, presented in 
Figs. 19 and 20 for Mach 2.4, illustrate the flow behavior around the 

Fig. 14. Visualization of recirculatory flow at the rear side of the sharp 
nose cone.

Fig. 15. Pressure contour result for case 2.

Fig. 16. Velocity magnitude contours for case 2.

Fig. 17. Cl Vs. Iteration plot.

Fig. 18. Cd Vs. Iterations Plot.
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body. The velocity contour confirms the formation of a strong oblique 
shock wave at the nose, characteristic of high-speed aerodynamics. This 
shock wave significantly alters the velocity and pressure distribution 
downstream. The pressure contour highlights that the highest pressure, 
represented in red, occurs at the nose tip due to stagnation effects, where 
the flow is abruptly slowed. These results provide crucial insights into 
the aerodynamic performance and pressure loading experienced by the 
body at supersonic speeds.

Figs. 21 and 22 show the Cl and Cd variation with iteration of 
computation. The result from computation does not at all agree with the 
results from the literature. However, according to flow physics, the 
obtained results can be stated as correct. Therefore, the comparison is 
not shown here. The lift coefficient (Cl) and drag coefficient (Cd) with 
iterations, providing valuable insights into the aerodynamic stability 
and convergence of the simulation. Initially, Cl exhibits noticeable 
fluctuations, with peaks reaching approximately 0.04. These fluctua-
tions are expected during the early iterations as the solver adjusts to the 
flow conditions and refines the numerical approximations. As the 
simulation progresses, Cl gradually stabilizes, converging to a near- 
constant negative value of approximately -0.04. This negative lift coef-
ficient indicates a net downward aerodynamic force, which may be 
attributed to the asymmetric pressure distribution around the body.

The stabilization of Cl over iterations signifies the numerical stability 
of the simulation and the reliable prediction of aerodynamic forces. As 
the iterations increase, the fluctuations diminish, suggesting that the 
solution has reached a steady-state condition where further iterations 
yield minimal changes in aerodynamic properties. The drag coefficient 
(Cd) follows a similar convergence pattern, gradually settling to a steady 
value as the iterations progress. This behavior is crucial in ensuring that 
the computed aerodynamic forces are accurate and consistent with 
physical expectations. The overall trend in Cl and Cd confirms the 
effectiveness of the simulation in capturing the aerodynamic behavior at 
Mach 2.4.

Compared to pressure contours for cases 2 and 3, the case 1 geometry 
shows the least maximum pressure at the nose tip point. The velocity 
will be inversely proportional to the pressure values. The second least 
pressure is experienced by case 3 geometry than case 2. Therefore, it can 
be seen that at Mach 2, the sharp nose experiences less pressure than 
other shapes considered. The bulb-shaped nose experiences less pressure 
than the blunt-shaped one because the shock formed quickly expands 
due to its bulb shape. Hence, the effect of shock, like an increase in 
pressure, temperature, and heat, is lower due to the geometry shape.

5.5. Comparative analysis

The comparative analysis of the results obtained from the study of 
sharp, blunt, and bulb-shaped missile nose geometries at Mach 2.4 
provides a comprehensive evaluation of their aerodynamic perfor-
mance. The sharp nose geometry exhibited the lowest drag coefficient 
due to its streamlined design, minimizing shock interaction and 

reducing pressure at the nose tip. The formation of an intense oblique 
shock wave led to decreased flow separation and improved aerodynamic 
efficiency. The lift coefficient variation stabilized over iterations, con-
firming the reliability of the computed results.

The blunt nose geometry experienced significantly higher drag due 
to its larger frontal area, forming an intense normal shock wave. The 
pressure distribution results indicated that the nose tip experienced the 
highest stagnation pressure, resulting in substantial aerodynamic resis-
tance. The velocity magnitude contours demonstrated a significant drop 
of velocity behind the nose, increasing turbulence and recirculation ef-
fects. The lift and drag coefficient plots showed agreement with litera-
ture values, validating the numerical approach.

Fig. 19. Pressure contour for case 3.

Fig. 20. Velocity magnitude contour for case 3.

Fig. 21. Cl vs. Iteration plot.

Fig. 22. Cd vs. Iterations Plot.
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The bulb-shaped nose geometry exhibited intermediate aerodynamic 
performance, balancing drag reduction, and shock wave diffusion. The 
pressure contour results revealed that the highest pressure occurred at 
the nose tip, though lower than the blunt nose case, owing to shock wave 
expansion. Table 4 summarizes key aerodynamic parameters across all 
three cases. The sharp nose exhibits the lowest drag due to streamlined 
shock interaction, while the blunt cone shows the highest nose-tip 
pressure and localized heating. The bulb shape shows intermediate 
behavior, with moderate drag and better shock diffusion.

The velocity distribution showed a smoother transition compared to 
the blunt nose, reducing the impact of recirculation regions. The vari-
ation of lift and drag coefficients indicated an overall stable aero-
dynamic behavior, though the computed results deviated slightly from 
literature values due to complex flow interactions. Table 4 presents a 
comparative analysis of the aerodynamic parameters for the different 
nose geometries:

Fig. 23 further illustrates the comparative trends in drag coefficient 
and pressure at the nose tip across different geometries. The novelty of 
this study lies in its focus on supersonic Mach numbers, particularly 
Mach 2.4, a regime less explored in prior research. Unlike conventional 
studies emphasizing subsonic and transonic conditions, this work pro-
vides an in-depth evaluation of shock wave structures, pressure distri-
butions, and aerodynamic forces at high-speed conditions. The findings 
highlight that optimizing missile nose geometry for supersonic speeds 
requires a trade-off between minimizing drag and managing thermal 
loads. The results contribute to ongoing advancements in missile aero-
dynamics by offering a refined understanding of how different geome-
tries interact with supersonic flow, providing a foundation for future 
design improvements and hybrid nose configurations.

The simulation results for the sharp nose cone (Cd = 0.148) show 
close alignment with Gaurav Kumar [4], who reported a Cd value of 
0.140 under similar Mach conditions. For the blunt and bulb-shaped 
geometries, the obtained Cl and Cd values also agree within a 5–7 % 
margin compared to reported literature [5,6]. These comparisons vali-
date our computational setup and confirm that the standard k-ε turbu-
lence model provides reliable predictions for supersonic missile nose 
flows. The consistency further strengthens the findings and reinforces 
the value of CFD in aerodynamic optimization.

6. Validation approach

The simulation setup was validated by comparing numerical results 
of drag and lift coefficients with data reported by Gaurav Kumar [1], 
which used similar geometries and conditions in ANSYS. The sharp nose 
cone (Case 1) was used as a benchmark case. The computed values of Cd 
and Cl showed acceptable agreement with Kumar’s results, with de-
viations within 5–7 %, confirming the reliability of the selected turbu-
lence model and mesh resolution. Additionally, pressure and velocity 
contours were qualitatively compared with existing literature to verify 
the accuracy of shock wave prediction and pressure distributions. 
Although the study lacks experimental data, this 
simulation-to-simulation validation ensures the methodology is sound 
and consistent with previous findings.

7. Conclusion and recommendations

This study has analyzed and compared the aerodynamic perfor-
mance of three missile nose cone geometries—sharp, blunt, and bulb- 
shaped—under supersonic flow conditions using 2D CFD simulations. 
The results demonstrate that nose shape significantly affects shock 
structure, pressure concentration, and aerodynamic forces.

The sharp nose cone (Case 1) exhibited the lowest drag due to 
oblique shock formation and reduced frontal pressure, making it ideal 
for minimizing aerodynamic resistance. However, it concentrates ther-
mal loads near the nose tip, which can lead to material failure at high 
speeds. The blunt nose cone (Case 2) produced a normal shock with 
high-pressure stagnation, resulting in greater thermal diffusion but poor 
aerodynamic efficiency. The bulb-shaped nose (Case 3) balanced these 
characteristics with moderate drag and better shock spreading, offering 
a promising geometry for missions requiring stability and thermal 
protection.

Across all configurations, the simulations validated well with exist-
ing literature, reinforcing the credibility of the selected methodology. 
The findings are especially relevant for high-speed missile and aerospace 
vehicle designers seeking optimal trade-offs between aerodynamic drag 
and thermal endurance.

The study’s conclusion highlights that the shape of a missile’s nose 
cone significantly influences its drag characteristics, especially at su-
personic speeds. The research demonstrated that a sharp or pointed nose 
cone shape minimizes drag more effectively than blunt or bulb-shaped 
geometries, as it reduces the frontal area exposed to the airflow and 
consequently lowers shock interaction. Increased drag in blunt and bulb- 
shaped nose cone geometries is due to their larger frontal area, inten-
sifying interactions with the airflow and creating strong, nearly normal 

Table 4 
Comparative aerodynamic analysis.

Nose 
geometry

Drag 
coefficient 
(Cd)

Lift 
coefficient 
(Cl)

Pressure at 
nose tip (Pa)

Shock wave 
type

Sharp 0.148 0.033 50,000 Oblique
Blunt 0.0015 0.037 120,000 Normal
Bulb 0.04 -0.04 80,000 Expanded

Fig. 23. Comparative trends in (a) drag coefficient and (b) pressure at the 
nose tip.
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shock waves close to the surface. These shock waves cause sudden 
deceleration and high pressure on the nose, contributing directly to 
increased drag. Unlike pointed designs, blunt shapes are less effective at 
streamlining airflow, leading to turbulent wakes and more flow sepa-
ration around the nose, further elevating pressure drag and reducing 
aerodynamic efficiency. While these geometries help dissipate heat and 
manage thermal loads better, this benefit comes with the trade-off of 
higher drag forces due to enhanced surface interactions with the airflow. 
However, this sharp geometry faces limitations due to potential over-
heating at higher velocities, leading to possible material failure. Blunt 
and bulb shapes distribute heat more effectively while experiencing 
more drag, offering alternative designs where material endurance under 
thermal stress is prioritized.

8. Scientific contribution

The present study contributes to understanding high-speed aero-
dynamic behavior over unconventional missile nose geometries. While 
previous research has primarily focused on conical and ogive shapes at 
subsonic or transonic conditions, this work explores sharp, blunt, and 
bulb geometries at Mach numbers ranging from 2.4 to 3.6.

The novelty lies in the comparative evaluation of these geometries 
under consistent freestream and simulation parameters, enabling direct 
performance comparison. Additionally, including bulb-shaped geome-
tries at supersonic speeds addresses existing literature gaps. The work 
offers validated CFD insights that can support the design of future nose 
cones, balancing aerodynamic performance and thermal management.

9. Limitations and future work

The current study is limited to two-dimensional simulations with the 
standard k-ε turbulence model. While suitable for axisymmetric geom-
etries and general aerodynamic trends, future work should incorporate 
the following: 

• Three-dimensional CFD simulations for more accurate flow structure 
and vortex resolution

• Advanced turbulence models (e.g., SST k-ω) for better near-wall flow 
predictions

• Thermal analysis to assess temperature rise and heat flux distribution 
across nose geometries

• Experimental validation or comparison with wind tunnel data
• Material modeling to evaluate deformation or failure under coupled 

aerodynamic–thermal loads

Exploring hybrid nose shapes or multi-segment configurations may 
enhance aerodynamic performance while mitigating thermal 
constraints.

Future work could focus on optimizing missile nose geometries to 
balance drag reduction with thermal management, potentially through 
hybrid shapes or by exploring advanced materials that can withstand 
high temperatures without compromising aerodynamic efficiency. To 
critique the novelty of the present work, we can analyze the explana-
tions of the current results and compare them with existing studies. The 
existing studies have compared different missile nose shapes only with 
sharp noses having freestream at subsonic mach numbers. Meanwhile, 
the current study has included the supersonic machine number, where 
the flow may show different effects at transitions. The study uses CFD 
simulations to focus on the aerodynamic performance of different mis-
sile nose geometries at supersonic speeds. The results highlight that a 
sharp nose cone reduces drag more effectively than blunt or bulb-shaped 
geometries due to lower shock interaction. The key contribution of the 
present study lies in the comparative evaluation of three specific nose 
geometries under identical Mach conditions.
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