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Investigation of high-speed water=entry impact characteristics of a

projectile with a tail fairing based on the ALE method

LI Pengju, ZHANG Shuai, WEN Qingguo
Xi'an Univergity Of Architecture And Technology Xi’an 710000 Shaanxi China
Abstract: High-intensity impact loads experienced by a projectile during high-speed water entry can induce pronounced dynamic
structural responses and deformation;‘ahd’may further lead to structural damage or failure. Therefore, investigating this process
is of !great significance. To reyeal\the fluid—structure interaction characteristics and the deformation mechanism of the tail
structure of a projectile equipped with a tail fairing, a numerical simulation based on the arbitrary Lagrangian—Eulerian (ALE)
method was conduyctedyfor its, water-entry process at a velocity of 40 m/s. The reliability and accuracy of the numerical model
were validated through-‘cemparisons with experimental results and grid-independence verification. In the model, the water and
air domains weré described using an Eulerian formulation, while the projectile structure was modeled using a Lagrangian
formulation. The compressibility of water and air was considered through corresponding equations of state, and the projectile
material was defined using an elastoplastic constitutive model. The fluid—structure interaction between the projectile and the
surrounding fluid was realized using a penalty-based coupling algorithm. To improve the stability and reliability of the coupling
calculation, different penalty factors were compared, and the acceleration response and sliding interface energy were analyzed to

determine an appropriate coupling parameter. A three-dimensional computational domain containing both water and air was
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established, and local mesh refinement was applied to the impact region and key structural regions of the tail fairing. The
reliability of the numerical model was validated by comparing the simulated cavity morphology, projectile displacement, and
projectile velocity with experimental results. Meanwhile, a grid-independence study was conducted to balance computational
accuracy and efficiency. Based on the validated numerical model, the effects of entry angle and angle of attack on cavity evolution,
impact load, stress-wave transmission, and deformation of the tail fairing were systematically investigated. The results indicate
that, as the entry angle decreases, the cavity becomes increasingly asymmetric, accompanied by more complex free-surface
deformation and cavitation phenomena, while the overall impact load on the projectile decreases accordingly. The deformation
of the tail fairing is jointly governed by stress-wave propagation and cavitation effects, exhibiting a non-monotonic dependence
on the entry angle: it first decreases and then increases, reaching a minimum at an entry angle of 60°. For oblique entry with a
positive angle of attack, the cavity asymmetry is stronger than that under a negative angle of attack/ and the peak acceleration
decreases with increasing angle of attack. Under negative angles of attack, the peak acceleration first'decreases and then increases
as the absolute value of the angle of attack grows. A sufficiently large angle of attack can trigger seondary.tail re-entry, producing
a “tail-slap effect” and a second acceleration peak, which is more pronounced for positive ahgles ‘of attack. In addition, a positive
angle of attack markedly increases the deformation of the tail fairing, whereas a small négative angle of attack can reduce the
deformation; however, the deformation increases again as the magnitude of the negativerangle,of attack further increases.
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Table 1 Air equation-of-state parameters

Co—Cq Cy Cs Ce E,

0 0.4 0.4 0 2.533et5
IRV R Ak % R ST K Gruneisen RS TTREAPRHMERL, K IR S 77 1%t et
*EOS_GRUNEISEN & X, HARBTFENF 2. KEH LT T HEER;

chzﬂw[H(H};jﬂw—;ﬂi}

3

pw_
2
H M,
1-(S, -1 -S v__§ L
{ ( 1 )/Uw 2ﬂw+1 3(luw+1)2

} + (}/0 +au, )EW (5)

Hrp p, KIS py WKIVE L CRIRAE ALK PR AR I3 Ty o5 Gruneisen  REL py, A7KAEAA

TR, aR—MEBRBIERE: S S S RIEEN R B AKIRALIRRPIIE M 6
R 2 KRS LIRS M

Table 2 Water equation-of-state parameters

C(m/s) S] Sg S3 yo EW/Pa

1647 1.921 -0.096 0 0.35 2.895e+5
KA S AEF*MAT NULL AR AR TN ELAR S 5N %k 3.
3 B ARUKA B 25

Table3, Constitutive model parameters for air and water
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