%58 % 42 17 S-S D | A = SO SO Vol. 58 No.2
202642 H JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Feb. 2026

EHHET 155 mm BBS IS S A FRIE S 1

g B2 g AR FAMR, FER, H R?

(1 7L RHE RS |3 ibsBs, V090 VL 2121005 2. BRI 4 FE S0 (M TR,
A 210094 5 3. WM TAAEHIA BRA A, 78 K36 046012)

W OE: OVHRTSAESET A AT AR P By 425 5 37 A0 A5 4 i, £ T Marshall-Palmer W % 3%, X Fl X & 30 & # &
Eulerian-Lagrangian 77 3 #F %8 7 % 155 mm # 8 A FWIOR P A s bt AR B AT A (DPM) 2t 1 % 4L F 69 32 3 4 28 3
TERABE , HESMNFAT HEAENESZHRANTET KNP H, BB T —HAEHE 2% (LMF) 5 $ 4 2
HEB(LWR)MEAN A HETWHEGREATEREN W RMEANE, ER5N WHETRALEEMNROREHFE
AT, HEEEPAENNT(AHERERELXIBEHEF L), ZRAFEEH0.02 mm, &R AT EFEL 0. 16 mg; K fE o 7
RIAR T BAERTHHE FR AT AN T WG T 666 Pa 3 FHW & 4 T 2 350 Pa, & A B £ % M 0.008 3
FO0.025; FWMBEANAD R BB LT ETHE N, ZAED ZABEREWEAH TR MY 6.75% , WA ZE oA T, &KX
THRY 1Y%, ZHARTEARFRETNARE T RAELARENI SRR RN, HELHIFETRAR TG HER LR
fBEEE b

KSR & W HL; A 20 A5 ; DPM A ; Eulerian-Lagrangian # 2 ; 301 ; W 7 3%

FESES, £932.2 MERERERS; A XEHRS: 0367 —6234(2026)02 -0183 - 15

Multiphase coupling analysis of the aerodynamic characteristics of 155 mm
howitzer shell flow in a heavy rain environment

GUAN Jun'?, MAO Changjie', JIANG Guilin®, YIN Honggiao', YI Wenjun®
(1. School of Automation, Jiangsu University of Science and Technology, Zhenjiang 212100, Jiangsu, China; 2. National Key

Laboratory of Transient Physics( Nanjing University of Science and Technology) , Nanjing 210094, China;
3. Huaihai Industry Group Co., Lid., Changzhi 046012, Shanxi, China)

Abstract; To investigate the flow field and aerodynamic characteristics of a projectile during flight under adverse
weather conditions, this study applies the two-way momentum-coupled Eulerian-Lagrangian method to analyze the
aerodynamic performance of a 155 mm howitzer shell in a heavy rain environment based on the Marshall-Palmer
raindrop spectrum. The unsteady tracking of raindrop particle trajectories is conducted using the discrete phase
model (DPM) , while the random walk diffusion model is incorporated to simulate the effects of turbulent diffusion
in the continuous phase on raindrop motion. A novel methodology is proposed that combines the Lagrangian
multiphase flow (LMF) model with the Lagrangian wall film (LWF) model to simulate the formation and evolution
of wall films resulting from raindrop impacts on the projectile surface. The results show that raindrop impacts lead to
the formation of wall films that exhibit flow trajectories, with the films predominantly distributed on the windward
surface ( particularly around the projectile nose and band regions). The maximum wall film thickness reaches
approximately 0.02 mm, and the maximum film mass is about 0. 16 mg; The formation of wall films increases the
surface roughness, significantly raising the shear stress, the maximum shear stress escalates from 666 Pa in rain-free
conditions to 2 350 Pa under heavy rain, and the maximum value increasing from 0. 008 to 0. 025; Rainfall also
adversely affects the projectile’s aerodynamic coefficients, with the maximum drag coefficient increasing by 6.75%
, while the lift coefficient experiences a slight reduction, with a maximum decrease of 1. 9% . This approach
effectively captures the dynamic evolution of wall films on the projectile surface under heavy rain conditions and

their impact on aerodynamic performance, providing theoretical support for the projectile design and performance

Wi EEE: 2025-02-19; FAHE: 2025-03 - 13; MEEH L HH: 2025-10-20

P48 B & Hudlk : hitps://kns. enki. net/kems/detail /23. 1235. T. 20220822. 0756. 002. html

ELmA: FERARPAEES (62203191) ; B B7 SR H A U2 4 (20231CIQII0357 ) 5 Fl B FBH 51 5 5255 %8 5 42 (2022JCJQLB06105 ) 5 V1.
INE SRR RL S (B ARBR ) MR TH IR H (22KIB590001 )

EERN: & %(1987—) B fl#EZ, i+ L

BEEE: % F,jguan@ just. edu. en



S

. 184 - R ub

X % ¥ 458 %

optimization in complex environmental conditions.
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Fig.1 The model of a 155 mm howitzer shell
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Fig.2  Overall three-dimensional structured mesh
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Fig.3  Overall two-dimensional structured mesh
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Fig.4  Structural mesh near the projectile body
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Tab.3 Rainfall parameters used in the text
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Tab.5 Numerical simulation drag coefficient values under rain-

free and rainy conditions

/() Tor LWC =30 g/m® [%FH R/ %
0 0.012 038 0.012 043 0.04
4 0.017 420 0.017 494 0.43
8 0.033 818 0.034 000 0.54
12 0.061 100 0.061 600 0.82
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Tab.6 Numerical simulation lift coefficient values under rain-

free and rainy conditions
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Fig. 11  Lift and drag coefficients from reference [7] and the

present method under rain-free and rainy conditions at
different angles of attack
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Fig. 12 Velocity magnitude distribution of discrete phase raindrop particles

Injecting 4480 particle parcels with mass 0.0137
number tracked = 309565, escaped = 37, shed = 819, splashed =416
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Fig. 13 Particle tracking displayed on the graphics console
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Fig. 15 Water film distribution on the surface of the projectile at ¢ =0.08 s
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Fig. 18 Shear stress on the projectile surface at different time instants
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Fig. 19 Friction coefficient on the projectile surface
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Fig.21 Variation of drag, lift and pitching moment coefficients with Mach number under rain-free and heavy rain conditions
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