F37THEE 2 W Ci - Vol.37 No.2
2025 4F 6 A Journal of Ballistics June 2025

DOI:10.12115/ddxb.2023.12007

B S R R S E T %

ORI O#HT EITR

(PR TR B S sl 7 TARRSABE VLA RAT 210094 )

WE. G FARGREN A WA REEER N 2T AR EN R BEN, HTHH ATRE Mg
B, BISTRABRFAAATNER dal8 i BA AW RARTEIBERALAEEREN, £THARHE
FRBFELAT AT A it E Tk AR AR ET R ARS T EWE KRN, BTk g
R AR B RAIR R E LR AN SRR R, TR THAZATZAREN VG EFRBRGR wihfy
AN RETHKRATREDGHELHE ERREESAER, A T AT AR E E R #CoR T3 4T ¢
WEHEGTEERGERBFERARA-F, FEFRXV KL BRRTERATHE S, A A THRNFLARE
BERTHERE, AXHHFT LR HERAEFETHEGTES BRI OEERRERER, TALS EHHEFERT R
Bbeih G sl oy e A AT HAR A

ES AN PR T I & N S

hESES V2153 XEEREEH A XEHS1004-499X (2025)02-0083-08

Calculation Method for Aerodynamic Heating of Hypersonic
3D Spherically Cone Model

HUANG Cheng,CHEN Qi” , WANG Zhongyuan
(School of Energy and Power Engineering, Nanjing University of Science and Technology , Nanjing 210094, China )

Abstract; The coupled aerodynamic heating and ablation deformation on the surface of hypersonic
projectiles induce significant aerodynamic configuration evolution, which subsequently impacts flight
stability and external ballistic performance. Therefore, multi-condition aerodynamic heating calculation
method for different projectile structures, flight conditions, and environments is crucial for optimizing
thermal protection system and advancing engineering applications in hypersonic projectiles. Based on the
existing aerodynamic heating calculation methods for hypersonic projectiles flying at zero angles of attack,
a spherical coordinate system was established in response to the stagnation point offset phenomenon
induced by angles of attack in spherical cone. The conversion relationship between the projectile
coordinate system and the velocity coordinate system was utilized to carry out aerodynamic heating
simulation analysis of three-dimensional spherical cone shaped projectiles flying at angles of attack. The
distribution of heat flux density on the busbar of the spherical head and the conical body was obtained.
The heat flux density and heating status were compared with and without an angle of attack. The
calculation results are basically consistent with experimental data. The simulation results show that the
heat flux density of the spherical head is much higher than that of the conical body, and the heat flux
density of the windward busbar with an angle of attack is greater than that of the leeward side. The
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calculation method used in this article can satisfy the accuracy and speed requirements for simulation and

design of ultra high speed flight trajectories. The proposed calculation method and results provide a

foundation for the rapid coupling calculation of aerodynamic ablation and external trajectory of hypersonic

projectiles in the future.
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Fig.1 Schematic diagram of spherically cone structure
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Table 1 Heat flux density at stagnation point

K ESR/Pa HEAE/ (KW-m™2) SCRAE/ (kW -m™2)
44.0 121.9 127.1
132.0 211.2 215.8
198.0 258.6 259.8
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