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Table 1. The explosive material parameters

A/GPa  B/GPa Ry Ro> w

VIR po/kgm™3

BEEE D/m-s™!  BREEE eo/kJkg™!

371.2 3.231 4.15 095 0.3 1630

6930 4290

Hol T AR AR R, BRORLBURL AT B A X 25 10 41
JEZG R 5E 2 5, 1A I BE B A ORI R, X
BRREBURL 7= A A K B IR B AE . YEZG M B S 2
WR LR, RRHBURL % % N 830 kg/m?, ki
H A% 50.3 mm, SPH R T % & 4476, SPH K. T
[ BE A5 mm, Y KN 7.5 mm, FVM M A% N
10 mmx 10 mm [ 1EJ5 T BT,

SREHRL
Iy

K2 M2 SRR Ao B K

Fig. 2. Distribution sketch of explosive and particles.
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Fig. 3. Pressure changes with time at the center of

explosive.
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Fig. 4. Velocity vector of explosive detonation at 30 ps.
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Fig. 5. Velocity vector of fuel particles under driving

force at 30 ps.
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Fig. 6. (color online) FAE configuration and initial mesh-particle distribution: (a) configuration of FAE; (b)

mesh-Particle distribution of FAE.
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Table 2. Parameters of particle and gas phases.

PR ps/kg-m—3 830
PR ELAZ dp/mm 0.3
SURLAE bE R Cpp/J kg~ 1. K1 1950

BRARRME S RE kp/Wm™LK! 0.0454
HIAATIORLAR A 53 4 as 0.6
AR pg/kgm—3 1.225
AARRE e /Pas 1.7895 x 107°
SRR S REL kg/W-m—1.K~1 0.0242
AR LA Cpg/J kg 1K1 1006.43
SPH ki 45 N 19680
SPH Hi7-[a]fH Az/mm 2.0
SPHOGHEKE h/mm 3.0
SPH KiF# ¥ pspH/kgm™3 498
FVM M &) g Az x Ay/mm 4x4
FVM 25K ATrvm /s 1x10~6
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Rl S

y/m
o
T

7 (MTIRE) REHL L RS ERMER  (a) 4 ms;
(b) 50 ms
Fig. 7. (color online) Numerical results of fuel disper-

sal process: (a) 4 ms; (b) 50 ms.

110202-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 11 (2015) 110202

A, T7E 2 55 BT SR BER . FEIRRHI A il
B, BRI AR WS B 1R, 2 R
fonkiz s, EMETBENNEEL, = BL5 Rk
SR AN, T AE 25 1] e A5 1 T3 32 T ikt 30
BEhBLR, T U AR il 9 7 B B g 5, o
4 ms I %z 73475 BEE 8] ) J, BARE2 31 (1
YR 3B, DB A B AR, M
BHZ W IR HOT, W i R s 3, AR
T BCEM S, 7 B GRURLIR BB #T N, @150
ms I %) 2= B - A4S, R a) BUE T B
S AR L X 25 R BB T R BLR) BT PSS 3l 70
REEL, 1M AL AL O RRE R A KT U5 183, 12
Wzhae R A M Tk 7 [ g, &l 8 f
N 5 ms I ZOBHRURLIE 2 37 73 A, ARG BB IRRE
R S K, e I B 5 55 5 B AL R 1 o R
. i AKRL 73 B A 5 RE, A3 AL BT RN
R4 N, B A A i 5 e 52 1 i KA B A
FAE % & (1 b i, 12 R mT R K I R THIR =
%. B 7k BT RG RAREW sem gt R,
" UUE R BE AR S R S RSB, mF T

SR G ERE.

K8 5 ms I ZIBSEHRORL 37 73 A

Fig. 8. Velocity distribution of fuel particles at 5 ms.
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Abstract

A fuel air cloud is formed under the driving force of the explosive detonation and then it’s ignited to explosion to
attack the target. The existing numerical simulations are mainly limited to the fuel dispersal processes which are all based
on mesh methods. The fuel particles in the air cloud are difficult to traced. Otherwise, the computing process is complex
and could not be solved by the exiting methods for the chemical reaction and the forming and propagation of shock waves
are both involved in the fuel combustion and explosion. Smoothed discrete particle hydrodynamics (SDPH), as a new
method to solve the gas-particle two-phase flow, has been successfully used to simulate the aeolian sand transport, heat
transfer and evaporation. Based on the previous work, the Jones-Wilkins-Lee (JWL) function is imported to describe
the explosive detonation to expansion and it is solved by finite volume method. The fuel drops dispersed by explosion
are traced by the improved smoothed particle hydrodynamics. The drop evaporation model and the EBU-Arrhenius
combustion model for gas high-speed combustion are introduced to describe the combustion and detonation of fuel drops.
Then we build a new SDPH method to simulate the warhead initiation, fuel dispersal, and the fuel second explosion.
Firstly, we design a test that is the dispersal of circular fuel drops drove by explosive detonation to validate our new
method. The changing of the explosive detonation pressure and the velocity fields of explosive and particles are analyzed
and they are consistent with the theory. And then, the forming and developing of FAE cloud are simulated. Through
comparing with the experiments, the shapes of the cloud by the two methods coincide with each other. The effects of
different initiations on the cloud forming are also analyzed. Finally, based on the cloud group forming, the evaporation
and combustion models are introduced to study the combustion and explosion of FAE. We obtain the velocity field and
the distribution of combustion product. The result indicates that the fuel dispersal into cloud and its explosion can be
simulated better with the mathematical model and computational method built in this paper. This finding supplies a

more effective numerical method for the design and research on this type of weapon equipments.

Keywords: fuel air explosive, dispersal by explosion, combustion, smoothed discrete particle hydrody-

namics
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