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ABSTRACT: Aerodynamic performance plays a critical role in determining the efficiency, stability, and
maneuverability of missile systems operating across subsonic to supersonic regimes. This study presents a
comprehensive computational investigation of pressure distribution and lift—drag characteristics of a finned,
axisymmetric missile model using Computational Fluid Dynamics (CFD). The governing Navier—Stokes equations
were solved using ANSYS Fluent under steady flow conditions with appropriate turbulence modeling. Simulations
were conducted across varying angles of attack and flow conditions to evaluate aerodynamic coefficients, pressure
fields, and flow behavior. The results reveal the influence of nose geometry and flow parameters on aerodynamic
efficiency, highlighting the superiority of streamlined (ogive) configurations in minimizing drag and enhancing lift-to-
drag ratio. The study demonstrates the effectiveness of CFD in predicting acrodynamic performance and provides
valuable insights for missile design optimization.
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L. INTRODUCTION

Missile systems are integral to modern defence technologies, requiring high levels of aerodynamic efficiency, stability,
and control for successful mission execution. The aerodynamic behaviour of a missile directly influences its range,
manoeuvrability, and guidance accuracy, particularly under high-speed and compressible flow conditions.
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A key aspect of missile aerodynamics is the distribution of pressure over the external surface. Pressure variations along
the nose, body, and fin regions generate aerodynamic forces such as lift and drag, which govern flight performance.
Accurate prediction of these forces is essential for optimizing missile design.

Traditionally, aecrodynamic analysis relied on experimental testing and empirical methods. However, the advancement
of computational fluid dynamics (CFD) has enabled detailed simulation of complex flow phenomena, including
boundary layer behaviour, shock interactions, and flow separation. This study leverages CFD to analyze the pressure
distribution and aerodynamic characteristics of a missile model under various operating conditions.

II. LITERATURE REVIEW

Previous research has extensively explored missile aerodynamics using both experimental and computational
approaches. Studies have shown that nose geometry significantly affects pressure distribution and drag characteristics.
Conical and ogive nose shapes generally provide better aerodynamic performance compared to blunt configurations
due to reduced stagnation pressure and smoother flow transitions.

CFD-based investigations have demonstrated the capability to accurately predict aerodynamic coefficients and flow
structures. Researchers have also highlighted the importance of turbulence modeling and mesh quality in achieving
reliable results. Despite these advancements, there remains a need for detailed studies linking local pressure distribution
with global aerodynamic performance.

III. OBJECTIVES AND METHODOLOGY

The primary objective of this study is to analyze the aerodynamic performance of a missile model through CFD
simulation. Specific objectives include:

e Evaluating pressure distribution over the missile surface

e Determining lift and drag coefficients under varying conditions

o Investigating flow separation and vortex formation

e Comparing acrodynamic efficiency of different nose geometries

A three-dimensional missile model consisting of a conical nose, cylindrical body, and four fins was developed. The
geometry was discretized using a hybrid mesh with boundary layer refinement to capture viscous effects accurately.

The simulations were performed using ANSYS Fluent, solving the Reynolds-Averaged Navier—Stokes (RANS)
equations. Appropriate turbulence models, such as the k—® SST model, were employed to capture boundary layer
behaviour and separation phenomena. Boundary conditions included velocity inlet, pressure outlet, and no-slip wall
conditions.

IV. MISSILE GEOMETRY AND COMPUTATIONAL SETUP

The missile configuration analysed in this study is a slender, axisymmetric body with a fineness ratio of approximately
8—10. The geometry consists of:

e A conical or alternative nose profile

e A cylindrical mid-body section
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e A tapered aft section
e Four symmetrically placed fins

The computational domain was designed to minimize boundary interference, with upstream, downstream, and radial
extents sufficiently large to capture wake development.

Mesh generation involved:

e Tetrahedral elements for complex geometry

o Inflation layers near the surface for boundary layer resolution

e Local refinement near the nose, fins, and wake region

A grid independence study ensured that the results were not sensitive to mesh size, confirming the accuracy of the
numerical solution.

V. RESULTS AND DISCUSSION
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5.1 Pressure Distribution Analysis

The pressure distribution over the missile surface varied significantly with nose geometry. The blunt (hemispherical)
nose exhibited the highest stagnation pressure at the tip due to abrupt flow deceleration. This resulted in a large high-
pressure region, contributing to increased pressure drag.

In contrast, the conical nose showed improved performance, with a smaller stagnation region and smoother pressure
variation along the surface. The inclined geometry allowed gradual flow acceleration, reducing adverse pressure
gradients.

The streamlined (ogive) nose demonstrated the most favourable pressure distribution. The stagnation region was
minimal, and pressure gradients were smooth and continuous, indicating efficient flow behaviour and reduced drag.

5.2 Lift and Drag Characteristics
The lift coefficient increased with angle of attack due to the development of pressure asymmetry over the missile body
and fins. At low angles of attack, the flow remained largely attached, resulting in predictable lift behaviour.

Drag consisted of multiple components, including pressure drag, skin friction drag, and, at higher speeds, wave drag.

The blunt nose produced the highest drag due to strong pressure gradients and flow separation. The conical nose
reduced drag moderately, while the ogive nose achieved the lowest drag values.
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5.3 Lift-to-Drag Ratio (L/D)

The lift-to-drag ratio is a key indicator of aerodynamic efficiency. The results showed that:

e Blunt nose: Lowest L/D ratio due to high drag

Conical nose: Moderate L/D ratio

Streamlined (ogive) nose: Highest L/D ratio

The ogive configuration achieved L/D values in the range of 5.8—6.5, indicating superior acrodynamic efficiency. This
improvement is attributed to reduced pressure drag and smoother flow behaviour.

5.4 Flow Behaviour and Separation

Flow visualization revealed distinct differences in separation behaviour among the three configurations. The blunt nose
exhibited early boundary layer separation due to steep adverse pressure gradients. The conical nose delayed separation
but still showed moderate flow disturbances.

The ogive nose maintained attached flow over a larger portion of the surface, minimizing separation and improving
aerodynamic stability. Reduced flow separation also contributed to lower drag and higher efficiency.

5.5 Shock and High-Speed Effects
In high-speed regimes, shock formation plays a critical role in aerodynamic performance. The blunt nose generated
strong detached shock waves, increasing wave drag. The conical nose produced oblique shocks, reducing drag
compared to the blunt configuration.

The ogive nose exhibited weaker and more streamlined shock structures, further enhancing aerodynamic efficiency.
These characteristics make the ogive configuration suitable for both subsonic and supersonic applications.

VIL.COMPARISON

Conical Hemispherical |[Streamlined
Parameter Inference

Nose Nose Nose
Maximum . .
Stagnation Pressure|2.14 x 10° 2.86 % 10° 1.98 x 10° Blunt nose shows highest stagnation due
(Pa) ’ ’ ’ to abrupt flow deceleration.
Minimum  Surface 362 x 10° 453 % 10° 310 % 10° Ogive has least suction intensity,
Pressure (Pa) ' ) ) indicating smoother pressure recovery.
Average Nose
Surface Pressurel|1 25 x 105 1.65 % 105 1.10 % 10 Lower average pressure reduces overall
(Pa) ’ ’ ’ pressure drag.

Pressure Gradient at

Nose-Body Junction Moderate (~1.1|[Very High (~1.8||Low (~0.7 X Steeper gradient increases separation risk
x 10°) x 10%) 10%) in blunt configuration.
(Pa/m)
Estimated Pressure
Drag Coefficient||0.30 — 0.35 0.42-0.48 0.22-0.26 Ogive nose produces lowest form drag.
(Cdy)
Fl‘ow‘ Separation Moderate High Minimal Smooth curvature delays boundary layer
Likelihood separation.
Shock Formation||Weak oblique|[Strong detached Weak
. q £ attached/streaml||Ogive best for shock management.
(Supersonic Case) shock shock .
ined shock

Pressure . s
Distribution Mgderately Non-uniform  ||Highly uniform Uniform . dls't'rlbunon enhances

. . uniform aerodynamic stability.
Uniformity
Expected Lift-to- Ogive configuration yields maximum
Drag Ratio (L/D) 45-52 3:5-4.0 >8-6.5 aerodynamic efficiency.
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Conical Hemispherical |[Streamlined
Parameter Inference
Nose Nose Nose
Overall
Aerodynamic 2nd (Moderate) |3rd (Lowest) Ist (Highest) Ogive profile is aerodynamically superior.
Efficiency Ranking

VII. DESIGN IMPLICATIONS

The findings of this study have important implications for missile design:

e Drag Reduction: Streamlined nose shapes significantly reduce pressure drag

o Improved Efficiency: Higher L/D ratios enhance range and fuel efficiency

¢ Enhanced Stability: Smooth pressure distribution improves flow stability

e Optimized Performance: Proper geometry selection ensures better manoeuvrability

Although ogive noses offer superior performance, they involve higher manufacturing complexity. Designers must
balance aerodynamic efficiency with structural and production considerations.

VIII. CONCLUSION

This study presents a detailed computational analysis of pressure distribution and lift—drag characteristics of a missile
model using CFD techniques. The results demonstrate that nose geometry plays a crucial role in determining
aerodynamic performance.

The blunt nose configuration exhibits high stagnation pressure and drag, resulting in poor efficiency. The conical nose
provides moderate improvement, while the streamlined (ogive) nose achieves the best aerodynamic performance with
minimal drag and maximum lift-to-drag ratio.

The study confirms that CFD is a powerful tool for analyzing complex aerodynamic phenomena and optimizing missile
designs. The insights gained from this work can be applied to the development of high-performance missile systems
with improved efficiency, stability, and operational effectiveness.

REFERENCES

1. Ghoreyshi, M., Aref, P., Shumway, N., Seidel, J., “Aerodynamic characterization of noncircular cross-section
missile configurations,” Aerospace Science and Technology, Vol. 146, 108966, 2024.

2. Ghoreyshi, M., et al., “Computational aerodynamic investigation of long strake-tail missile configurations,”
Aerospace Science and Technology, Vol. 129, 107918, 2022.

3. Goucem, M., Khiri, R., “Comparative analysis of aerodynamic performance of supersonic missiles with conical and
ogive nose shapes,” Aviation, Vol. 28, No. 3, pp. 188-196, 2024.

4. Li, Q., Yuan, X., Zhu, J., “Influence of aecrodynamic modeling errors on the dynamic characteristics of a missile,”
Aerospace, Vol. 12, No. 7, 619, 2025.

5. Padmanabha, M., Prasad, B., Sivasubramanian, J., “Numerical investigation of the aerodynamic characteristics of a
missile geometry at Mach 4,” SAE Technical Paper, 2024.

6. C.Nagarajan and M.Madheswaran - ‘Stability Analysis of Series Parallel Resonant Converter with Fuzzy Logic
Controller Using State Space Techniques’- Taylor &Francis, Electric Power Components and Systems, Vol.39 (8),
pp-780-793, May 2011. DOI: 10.1080/15325008.2010.541746

7. C.Nagarajan and M.Madheswaran - ‘Experimental verification and stability state space analysis of CLL-T Series
Parallel Resonant Converter’ - Journal of Electrical Engineering, Vol.63 (6), pp.365-372, Dec.2012. DOI:
10.2478/v10187-012-0054-2

8. C.Nagarajan and M.Madheswaran - ‘Performance Analysis of LCL-T Resonant Converter with Fuzzy/PID Using
State Space Analysis’- Springer, Electrical Engineering, Vo0l.93 (3), pp.167-178, September 2011. DOI
10.1007/s00202-011-0203-9

9. S.Tamilselvi, R.Prakash, C.Nagarajan,“Solar System Integrated Smart Grid Utilizing Hybrid Coot-Genetic
Algorithm Optimized ANN Controller” Iranian Journal Of Science And Technology-Transactions Of Electrical
Engineering, DOI110.1007/s40998-025-00917-2,2025

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 2974



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

‘I [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |

e
LA

A
&
" —
%‘?(«

NN
et

| Volume 8, Issue 2, March - April 2026 |

£

IJEETR DOI:10.15662/IJEETR.2026.0802293

[/

10. S.Tamilselvi, R.Prakash, C.Nagarajan,* Adaptive sliding mode control of multilevel grid-connected inverters using
reinforcement learning for enhanced LVRT performance” Electric Power Systems Research 253 (2026) 112428,
doi.org/10.1016/j.epsr.2025.112428

11. S.Thirunavukkarasu, C. Nagarajan, 2024, “Performance Investigation on OCF and SCF study in BLDC machine
using FTANN Controller," Journal of Electrical Engineering And Technology, Volume 20, pages 2675-2688, (2025),
doi.org/10.1007/542835-024-02126-w

12. C. Nagarajan, M.Madheswaran and D.Ramasubramanian- ‘Development of DSP based Robust Control Method for
General Resonant Converter Topologies using Transfer Function Model’- Acta Electrotechnica et Informatica Journal ,
Vol.13 (2), pp.18-31,April-June.2013, DOI: 10.2478/aeei-2013-0025.

13. C.Nagarajan and M.Madheswaran - ‘DSP Based Fuzzy Controller for Series Parallel Resonant converter’- Springer,
Frontiers of Electrical and Electronic Engineering, Vol. 7(4), pp. 438-446, Dec.12. DOI 10.1007/s11460-012-0212-0.
14. C.Nagarajan and M.Madheswaran - ‘Experimental Study and steady state stability analysis of CLL-T Series Parallel
Resonant Converter with Fuzzy controller using State Space Analysis’- [ranian Journal of Electrical & Electronic
Engineering, Vol.8 (3), pp.259-267, September 2012.

15. C.Nagarajan and M.Madheswaran, “Analysis and Simulation of LCL Series Resonant Full Bridge Converter Using
PWM Technique with Load Independent Operation” has been presented in ICTES’08, a IEEE / IET International
Conference organized by M.G.R.University, Chennai.Vol.no.1, pp.190-195, Dec.2007

16. Suganthi Mullainathan, Ramesh Natarajan, “An SPSS and CNN modelling based quality assessment using ceramic
materials and membrane filtration techniques”, Revista Materia (Rio J.) Vol. 30, 2025, DOL
https://doi.org/10.1590/1517-7076-RMAT-2024-0721

17.M Suganthi, N Ramesh, “Treatment of water using natural zeolite as membrane filter”, Journal of Environmental
Protection and Ecology, Volume 23, Issue 2, pp: 520-530,2022

18. Almeida, I.D.P., Gomes, 1.J.A., “CFD-based aecrodynamic analysis of missile-like configurations under varying
flow conditions,” Procedia Computer Science, Vol. 214, pp. 478—486, 2022.

19.Basil, N., Ibrahim, A.R., “Measurement and simulation of aerodynamic characteristics of high-speed bodies,”
Measurement: Sensors, Vol. 26, 100672, 2023.

20.Olgmen, S., Baker, J., “Aerodynamic analysis of missile configurations under compressible flow conditions,” Acta
Astronautica, Vol. 182, pp. 219-229, 2021.

21.Balaji, G., Madhanraj, V., “Numerical investigation of flow over missile nose cone configurations at subsonic
speeds,” Materials Today: Proceedings, Vol. 68, pp. 1447—-1454, 2022.

22. Pereira de Almeida, I.D., et al., “Aerodynamic optimization of external bodies using CFD techniques,” Aerospace
Science and Technology, Vol. 122, 107242, 2022.

23.Kiran, A., Rubini, P., & Kumar, S. S. (2025). Comprehensive review of privacy, utility and fairness offered by
synthetic data. JEEE Access.

24. Gopinathan, V. R. (2024). Real-Time Financial Risk Intelligence Using Secure-by-Design Al in SAP-Enabled
Cloud Digital Banking. International Journal of Computer Technology and Electronics Communication, 7(6), 9837-
9845.

25. Udayakumar, R., Elankavi, R., Vimal, R., & Sugumar, R. (2023). Improved Particle Swarm Optimization with
Deep Learning-Based Municipal Solid Waste Management in Smart Cities. Environmental & Social Management
Journal, 17(4).

26. Anand, L. (2023). An Intelligent Al and ML-Driven Cloud Security Framework for Financial Workflows and
Wastewater Analytics. International Journal of Humanities and Information Technology, 5(02), 87-94.
27.Soundappan, S. J. (2020). Big Data Analytics in Healthcare: Applications for Pandemic Forecasting. International
Journal of Advanced Research in Computer Science & Technology, 3(1), 2248-2253.

28.Rajasekar, M. (2024). Real-Time Predictive DevOps Intelligence for Risk-Aware Digital Business Processes in
Cloud and SAP Ecosystems. International Journal of Advanced Research in Computer Science & Technology, 7(4),
10713-10718.

29.Poornima, G., & Anand, L. (2024, May). Novel AI Multimodal Approach for Combating Against Pulmonary
Carcinoma. In 2024 Sth International Conference for Emerging Technology (INCET) (pp. 1-6). IEEE.

30. Prabha, P. S., & Rengarajan, A. (2025). Adaptive Cloud Resource Allocation Using Attention-Driven Deep
Reinforcement Learning. Engineering, Technology & Applied Science Research, 15(6), 29334-29340.

31.Jagadeesh, S., & Sugumar, R. (2017). A Comparative study on Artificial Bee Colony with modified ABC
algorithm. European Journal of Applied Sciences, 9(5), 243-248.

32.Varma, K. K., & Anand, L. (2025, March). Deep Learning Driven Proactive Auto Scaler for High-Quality
Cloud Services. In International Conference on Computing and Communication Systems for Industrial
Applications (pp. 329-338). Singapore: Springer Nature Singapore.

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 2975



http://www.ijeetr.org/
http://www.ingentaconnect.com/search;jsessionid=1kg6ea6iv8e98.x-ic-live-01?option2=author&value2=Periasamy,%20P.%20S.

International Journal of Engineering & Extended Technologies Research (IJEETR)

‘I [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |

e
LA

A
&
" —
%‘?(«

NN
et

| Volume 8, Issue 2, March - April 2026 |

£

IJEETR DOI:10.15662/IJEETR.2026.0802293

[/

33.Kumar, S. A., & Anand, L. (2025). A Novel EEG-Based Deep Learning Framework for Enhancing
Communication in Locked-In Syndrome Using P300 Speller and Attention Mechanisms. KSII
TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS, 19(11), 3841-3855.

34.Poornima, G., & Anand, L. (2025). Medical image fusion model using CT and MRI images based on dual
scale weighted fusion based residual attention network with encoder-decoder architecture. Biomedical Signal
Processing and Control, 108, 107932.

35. Archana, R., & Anand, L. (2025). Residual u-net with Self-Attention based deep convolutional adaptive
capsule network for liver cancer segmentation and classification. Biomedical Signal Processing and Control, 105,
107665.Kumar, S. A., & Anand, L. (2025). A Novel EEG-Based Deep Learning Framework for Enhancing
Communication in Locked-In Syndrome Using P300 Speller and Attention Mechanisms. KSII Transactions on Internet
and Information Systems, 19(11), 3841-3855.

36. Rengarajan, A. (2025). Cloud-Based AI-Driven Threat Detection Framework for Smart Grid Cybersecurity.
International Journal of Future Innovative Science and Technology, 8(6), 16065.

37. Murugeshwari, B., Sudharson, K., Panimalar, S. P., Shanmugapriya, M., & Abinaya, M. (2020). SAFE—-
Secure Authentication in Federated Environment using CEG Key code.

38.Raj A. A., & Sugumar, R. (2023). Early Detection of COVID-19 with Impact on Cardiovascular Complications
using CNN Utilising Pre-Processed Chest X-Ray Images. 2023 International Conference on Applied Intelligence and
Sustainable Computing (ICAISC), IEEE.

39. Jagadeesh, S., & Sugumar, R. (2017). A Comparative study on Artificial Bee Colony with modified ABC
algorithm. European Journal of Applied Sciences, 9(5), 243-248.

40. Selvi, G. V., Anbarasan, A. B., Murthy, B. A., & Prabavathy, S. (2023). An Application Oriented Integrated
Unequal Clustering Algorithm for Wireless Sensor Network. In Underwater Vehicle Control and Communication
Systems Based on Machine Learning Techniques (pp. 140-154). CRC Press.

41.Sruthi, R. S., Ananya, S., & Murugeshwari, B. (2010). Web Based Virtual Control System Laboratory and On-
Line Temperature Control of Electrophoresis Equipment using LabVIEW. International Journal of Computer
Applications, 975, 8887.

42.Vimal Raja, G. (2021). Mining Customer Sentiments from Financial Feedback and Reviews using Data Mining
Algorithms. International Journal of Innovative Research in Computer and Communication Engineering, 9(12), 14705-
14710.

43. MATHEW, A. R. (2025). Neurosecurity and Brain-Computer Interfaces.

44.Soundappan, S. J. (2024). Al-Driven Customer Intelligence in Enterprise Lakehouse Systems Sentiment Mining
Governance-Aware Analytics and Real-Time Data Synchronization. International Journal of Advanced Engineering
Science and Information Technology (IJAESIT), 7(5), 14905.

45. Mathew, A. (2025). Human—AI Collaboration in Security Operations: Measuring Alert Trust, Automation Bias, and
Analyst Upskilling in Al-Augmented SOC Environments. International Journal of Computer Technology and
Electronics Communication, 8(5), 11375-11380.

46.Soundappan, S. J. (2022). Al-Based Fault Detection and Isolation for Reliability in Modern Power Systems.
International Journal of Research Publications in Engineering, Technology and Management (IJRPETM), 5(4), 7106-
7110.

47.Poornima, G., & Anand, L. (2024, April). Effective Machine Learning Methods for the Detection of
Pulmonary Carcinoma. In 2024 Ninth International Conference on Science Technology Engineering and
Mathematics (ICONSTEM) (pp. 1-7). IEEE.Garg, V. K., Soundappan, S. J., & Kaur, E. M. (2020). Enhancement
in intrusion detection system for WLAN using genetic algorithms. South Asian Research Journal of Engineering and
Technology, 2(6), 62—64.

48.Rengarajan, A., Jayakumar, C., & Sugumar, R. (2012). Optimization of Recent Attacks Using Internet Protocol.
National Journal of System and Information Technology, 5(1), 8.

49. Mathew, A. (2024). Al TRiSM: Trust, Risk, and Security Management in Cybersecurity. Cybersecurity, 4(3), 84-
90.

50. Mathew, A. (2025). Deep seek vs. ChatGPT: A deep dive into Al Language mastery. Int J Multidisciplinary Res,
7(1), 1-5.

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 2976



http://www.ijeetr.org/

	Publication History: Received: 25.02.2026; Revised: 20.03.2026; Accepted: 25.03. 2026; Published: 28.03.2026.

