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Test on Energetic Metal Powder Driven by Explosive Detonation
and Simulation of the Dispersion Process

LINGHU Jiangqi, YUAN Junming’, JING Tianyuan, LI Yuanxin, CUI Ruining,
WEN Qing, SU Zixuan
(School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China)

Abstract: To investigate the dispersion process and flow field characteristics of energetic metal powder driven
by explosive detonation, a charge structure for driving the dispersion of the energetic metal powder was
designed, and the explosive-driven dispersion process was captured using a high-speed camera. The particle
cloud velocity was calculated, and its combustion effect upon impact with the steel target was studied. Based
on the FLUENT-EDEM fluid-structure interaction method, a physical model for the explosive dispersion of
energetic metal powder particles was established, and a simulation study on the flow field characteristics of

the particle cloud under shock wave action was conducted. The results indicate that during the initial stage of
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the explosive dispersion test, the particle cloud diffuses conically at a speed of approximately 400 m/s, and
upon high-velocity impact with the steel target, a secondary explosion occurs, producing intense flames which
demonstrate a significant afterburning effect of the energetic particles. The dispersion morphology and velocity
of the particle cloud in the initial stage, as calculated by the simulation model, are in good agreement with the
high-speed photographic observations. The particle cloud’s “agglomeration-disaggregation” evolution
mechanism under the effect of shock wave overpressure was revealed. Based on measurement point data fitting,
prediction formulas for the flow field temperature and pressure distribution were established, and the distribution
characteristics of temperature and pressure in the explosion field (ranging from 0.4 m to 1.5 m) were obtained.
Under a fixed velocity inlet of 2 000 m/s, the temperature field of the particle cloud exhibits an exponential
decay characteristic of rapid attenuation followed by stabilization, while the pressure field shows a continuous
decaying trend with increasing distance. Moreover, the variation in the initial simulation temperature has no
significant effect on the pressure distribution of the flow field.

Key words: explosive dispersion; energetic metal powder; charge structure; fluid-structure interaction;

flow field characteristic

0 31

R PR I R P e 2 T OB R B RE R
TR PR T SOSN H ARSI A — P D S R )
St 72y KOHAEHIDLERIE ST b, X0k 2
B B A5 H SR R F R
SEPRNEH rPaE AN SRS IR, 2R
FRIE P )AL 23 R Sl 6 A 0B ] S ML, TE R 3)
REAPRLTIL , X SE3% M R 23 1 ey 18tis 2l id e
523 H AR R A R A SO, RO MaE
T LIERREAACR . O T RERHEPERURLAY R |
P BN RS REREA A R, RIS e 2 it M5
Dk REVEA R AR , A7 2Bl T
KLz i B | T R ITHTSE .

ULAFA, I PEAS R B X A AR R A R )5 0%
PR A BN, Z B T R IR R
(DA S P2 VA E I RN A R P E R TN 2 )
GRS S BOPTSEH D TZK T2
oK < J UKL AE K 24 45 X AR TR BEZRATAR 1 1 40
B, AE— 2 FHES A TR AR B, IR A
ZERTFTIR M GRS 5 e MURL A

HRW AR o 1z B 7 B R GEWLES T R REXE
2 E AR 2RI R 2 P i ) i i, O
XFEE T R AR o Zhang 8558 i TEMRSR T ) 4500
I XHRAKE 2GRS A 25 Aol 46 <6 Je BORE A RDX 2
FPBUEABE T, SRR, feml R RS
7, SRRV SR URE PR o AT LK 3 24 ek o P (L
(1) 6090~940% o ZELLTEAE TS ARSI 24

TEARF il ne i 1 =X, RO R HLRe 24 IR
SRR 5T Y e ) F AR IR AR/ e, 32 4l
B GHETAR AR/ N . T 2545 SR A 5
BUEBARZS A 5, DR TR IEIR S T 2ok
G WC TR CEcREbE SR R 28, e
AT EAERL AT HELG SR ) B4R 710 pm BRIZ IR
(is it B2, WA T 26 24 LU X O] SR P s i) e AN
[k 2 iz 22 5 . B3RS R AR = 5
BRI R A BT o B 2GR A SR R
IR, ST EHAARHUR ALY — AR B B
R FRAS T MO B A . ARER SR i
TrueGrid BAFEEST T HULRE2 | HRARBEZY | SR
24 TG 3 v 2 24 1 K R BRI LS
DYNA BB R, XS e 25 kR
B ARGS FEE A TBOS IR b . AL LT
MR T2, %14 1T Al/PTFE 1 AL/Ni i
BLTR PR 3 T A RE B A RE ALOL/PTFE | ALO,/
PTFE/W. BB KEIR S, I8 A e |
TELT AMAMGAL VL B WEAE R R R EE A, 38 T A
TEYER R 25K KBk | IR 0 A S s S
V(R R SRR, 5 TG AR K 2 K
Az S bl b BAT SR ARAE K N 2 ) 44 Ak
I TR A2 RN ARSI T 3 FlA
I FC 7 8 PR B R e R, 25 SRR, VAT
% s AR R T VE N 2 R A ME I RO I R ik
Kib2he, Ae i BEOR 5 Rl s B UIAH G, Y
TEHERE F L2 1 500 m/s (38R 5 HARREERT, FrRe
B 2ERE 20 A BhBE R 5 A%, e T 58 H s
(IR 71 . Guadarrama 55 R HLL B 25kl 48 740



CEVEE 227 1)

Y2 HRNE B Sl 75 BE 4 JR s A6 S A R 7 1 AT 8 55D 365

¥ . BRBE G S IR SR LR A R S 24 7 .
BRARKES DR HERS R 14, BT T 2B
Ty, JF SR S R E A AR I LA T
THE . XTI ROV R 2 RIS | 5 24 5 A
P, 0 Y24 o R AR 2 B A BT o
FE OB R VE AT, Peng 5517 i 220 It I A
FRAEZG R | A R KSR Sl e
N 2SR O R 25 R R T S
Young % T T —Z51 2D B, e 10k -
TOURLFBORE -SRI AH EAE o BRI AR
Huang 55| Deng 5538 2 $I (L AADUR vt 52 40 e
JFAISEWISE . Kudryashova 5 ZE SR KE M B IFST
H 3 T AR B0 ) O A I R L A RS AR
SN S B R A T TR T RIS H0m
IR, KT TR . Chen %5 2 JRH T —Fif
REAE TR T S RN A R KD TR AL
Zhang &5l 1 2B SEUAERAL, HFFE Tt P
PR SR (14 S5 o0 A 24 4% 25 i TR 1) DR o 90 AT
Hathaway 451 F 155 mm A5 58461 3124 1) 5256 J50kL
B, 25 A PE PR, BT A
T HER ORGSR . Servidio %P 1t {14 31 12
B, FRIE T LN 00T B RIS X A B
RIS EPR K BT 2w 58, B %R
G § 6 A ST X Rl 1Y 1 O A a2
P X o0 B I 25 20 A HA 7% T B AR K LR
Hong %5 il 13 SCH 08 T AR 7 3t 2 25
B EMAGT AR M, X AT TR
AR = pi R [ i A AR 2T 1 b e R T S KL
UREYE , 15 R R RS U T S G 2 R e
BRI . Van der Voort 252748 H T BRKE 7 AR i
F AR G AR | I T U5 pR A0 A HE K
FRIEE BT T PN SHROAL TR B80% B 3l FH 22k =X, 455k
PRAAF I TR CRLRR R A B A0 AT A 43
R PESE) RN TV, AT A T
T, FLZASRLE 1 T A TR - 2 P A
gt

ZF LTR , FEKE 25K IR Bh R AR TE A
B FHATL, BUA R O BUSE 2 ik . TFE o]
SRURACER RN Sl A AT Ty T
24 1 FOURE R 35 R 5 023 DU o 0 S A
FAZS A, FINT T 2R GUBURLRE GO 3 B %)
2 LU 1 52000 | 3 PR RERT et I 5
TRV, DABE MR R FE R AR A T 1) RE S B O
DI, FENOE T —E M5 5000 55

WA BRI, 286 B ST, FFTEATiA7AE L
TS AR  —J7 T, ZECTARE T
TR BGE TR AR, BN RS SRR R A e Ry
TESENERRE T I UL RIS B 5 53— 7,
B e R TR 5 S RE R R A XL
R, S 2GRl 2 AL 22 FORERB S L] o
RIFRIRASEN . UL, ASCRIEFHE S RESIR
I BOHRE R  EE A IT A G B IR,
WL FCHE UK T RO A | 808 s K e 4
B B9 —URHRBEEONE 5 T IR B ST, K DSC AT
ARTCER I (R LA DA ORI A6 26 8, BRAUL A bt
B TR T A IR | T R, S
TEAHSR T ARGt I S (A e 5 s S04

1 R H SR

B4 T —Fi iR G 2 25 254, 2y A
R, TR 2 mm B 265 ARFEEE K 1 mm
AN FEAAR , Fe 1 N 0% BUE OR RPEES & 6
R R4 WORE, T 254 PBX M2, RSy
(FHEH) A 95 % 1 RDX M5 % Mg . 2k
o, R O O R . Y2y
FEAC RIS, R KE P 4 9K S R B 1) A1 R,
TR RT3, BEXT A Y H AR EA T35

1

1 PRy Sith R B

Fig.1 Schematic diagram of actual charge structure

M T R 4w PORDRLAR B /N, A T RLAR
R URE , X BN BUREAE 25 A i U
WA 2, Z 2 RO N, B T4
A . FE 2 SR SISOk T e 1k 21 5 40 3 AR
KEIE R, BRI EE S B

2 AR
2.1 RBNERER

R H XP-800C BDE% R BEXT B ES 5 A3 B3



366 ot K 2 e RCARRAO

2026 45 3 )

UE SR GEAT I, 4 2 R, 455, %R
SEBRIB IR, KARAE 67~100 pm Z [0 . &l 3 A EEss
G TE 10 K/min FHEEAR T 19 DSC i<k, AT
SREREEE A A BGAGIRAE 1 100 K224, R e S
P RGeS R BRI AL S KA . I AE
3 NP2 S Bl et £ N 1 DA e <38

K2 P S SRR BRI IR
Fig. 2 Optical microscope image of zinc-zirconium alloy powder
1.6
1.4F
1.2F
L.OF

Z o6}

X=

= 04}
F

0.2F

0

—-02F

-04 1 1 1 1 1 1 1 1
300 400 500 600 700 800 900 10001 1001 200
MK
B 3 BEEEA 4R A DSC 2k

Fig. 3 DSC curve of zinc-zirconium alloy powder

P AT
Fig.4 Charge structure without detonator

ASGRIR AR R HE T AT, I P 65 A TR
o R B ML R AT AR WSS, 7 A Jm A 8T 5
N, R R NAC ACS-1 B @& sl s Hlic sk
RE B By RO 72, FAFGEE S 20 0001Wi/s, LI
WM FFE R 2%, AR T s PHGE B . — 54
BLEE IR 3 1 Tk AL, FASEEE S 800 i/s,
FH T WKL 2 4 o SRS A ORI S e A be
ROV

[ i

AHBL2

5 AR
Fig.5 Test layout

2.2 WHEHE

2.2.1 BEIRREE Y m s

RIGH AN 6 s, K 00k T 8 1 254 [
TR o R AR, SR 2R R R, SR
TER e e T A R, SR R N 4 1
CIEZH

6 A
Fig.6 Testsite

2.2.2 =B

WE 5 fis, B0 ML E 3. 2 m; O
2 By M5 R S 3. 3 me

WLIAT : FEESER.L 0.8 m, JH T IRl A0 s i 1%
G TR KE P 5 BN 58 4 A E
2.2.3 {EEECEHLA AN E

D — S TR 3.2 mAb, 5254
B 5%

2) S WU TR ZE M 90° T A, 1 B k0
2.3m, KFEEEL 65 m, SIERYUIERIESSIA

2.3 IRIEIRBNEEES

TG o A AC S T 4B B R K o
2, g R 7 # 8 s .

B#HRiE



CREE 227 8D FEZG BRI S 15 8 4 T oy 3 S il

ive

Al

AR L CINIT I 45D

AT

() —S ML 3 ms it %)

i

(b) —ZHIHLS mshf %

(c) —SHHHL6 ms it Zl

(d) —*FHHHL 10 ms if %]
K7 almkyifiod 2

Fig.7 Dispersion process of metal powder

D E AR IR O B TR ARG AE , R IR vhik

VAR T AT 5
2) FREIER B &R R WK S
HRL T2

3) WSSV (EL I BE + < Jad A5y iy e 4 o A AR
G R OB M AR AR A, bl Y R R
BOAR DX AR DA, 7 A T A b S0 B it R
PIf AR R AL 5

4) REHETE I BL : BN OG5 JBE T T ek
HERK,

(d) — S AHIHLA0 ms 2

K8 4 Jaky — U ERE B

Fig.8 Secondary explosion of metal powder




368 ot K 2 e RCARRAO

2026 45 3 )

— S AL B R I BN, AE R R
W, B0 XIE R 58 KER BT DU O A s
BUERRE I, femE P ERZOX; 5 msJF KER
HEK, Rz PR T AR O S ) SR, T RO AN
FOAR T [ S v A, s R, R
ORI, (] B U 8¢ 38 A9 e A4k 1) b O TR R
= HTs, P B o kL = s sk R, AT
LR IAR 2B AT, B Aokl A et 72

BT MATLAB F- 15, Kk HF shF kB B ik
THRRTF B, e, X e sl s BRI T 7
AR, 25 A UL AT 55 R 0 18] A 90 5 58 S
[ER R bR E 5 BES , brichiF =Rk, JF
HR A8 AL I 8] 22 358 Hz sh i, g #2030
PSR B RIE 5% LLN . AL REN, Y
W2 BR AR AT B 2428 400 m/s

TS AP S, SR 2 D e R R
e, I s IX, HARRE 5 Ak AN
[F) s 2 BT A A RBRIERON , BRKE P AR 1 SOk
R sRE

g AT B, MEE WIS, PBX
R e R R R, PBX 25 HETE B 1] A
i L R R ) S RE R, B R IR
P i S o ik PV S Al ) AN S AL, 91 R
SN M E e m M AR Z RN B AT EH, R,
AR SR N R, NS BES )8
K AR I SR A T AR . BB b P B 5 e T
F W R A A A, B UKL R i L 5 N5
FEERE R PR AT 0 R W RN AR RE Ml & bl i
AN, BRI A RE o AR AE MR N 1)
SIEMAK, EEI P UEE AT, YRR
A AR B, 2 BEIE Al PR Ak R IRE
o S0k L B 2RI BR T, R, ROV Y A RE AR
WARTE Bl = A REE A, W T SO fik
A, K AR B O, SRR R B OB
B, PR B OISR

3 RFzMHEEBTEAR

TR TR AR 7 o 2 2 A LB I, Joik
L LI 320 A A S 220 A TR, DR AR B AR 3
I R JH TELOPS M200 #1217 AR 5% 1Y
H 5 W B U R B A S O LT S R
B9 SR HE 5 ms B 220 1) oy RS TR e e YL
2000 KA AT, AHDR Ry 9 10400 2 B 220 0 B8 25 T iy

I AR R Wil — AN 4 000 K, [H itk
FEAMB W) IR HRE o 2 500 K 2 4 000 K, 4% 500 K
TR — AT 0L . 256 b i 88 IR A e 25 5o
10g, BEKEFH 1250 FiHEH 0.1 mik
R IEE N 3.9 MPa, AR E 2 Srh A A
ek i D A AL 2 o 1 T R G R
2005 m/s, P it 0 B 48— 15 Bl 2000 m/s
HEATRLALII AR

D=, x [S8Pn 4 1 D)
U7

s Apo WIETEMEE ; po IR 2 KW 4G R
H15 co MRS A S, m/s. X FRENERE
A ci=20.1XJ Ty, 3, TR 2 SWILE
IR (Ty=20"C),

9 5 ms N2 Y AR 1A
Fig.9 High-speed photograph at 5 ms

WORLAH 5 AU A RS B8 32 B2 40 4% Eulerian-
Lagrangian £ Fl Eulerian-Eulerian # . Eulerian-
Lagrangian {2 5% A BR324 5 55080 AR $r 4% B
HERERARZE & BORESR , nDRS B4 S S 0RE Y 12
SN b 5 SR FAR EAE R, B T G
T B HUBURE S 25 B 7 5. X T eGSR BT
PRIEBRZN T AR B AR, ORI A 1452 3 4
fIE % A i Ak % OC T 2, [N It % ] Eulerian-
Lagrangian $5 77454 . Eulerian-Lagrangian 7
HEGRESHE T RAMN-S ™, FR K

aaf o
EJFV(OH"U()—O,
d
<g;v[) +V(Olf‘vaf):—vpﬂ—RerV(T)"—afg,
f

(2
A VRREBREGE T a BIRARIET 5
RN 15 05 o 4390 R T AR A0 B VR 5 ¢ st
8] 5 p AEARE ST o AR N 1okt g il



CEVEE 227 1)

Y2 HRNE B Sl 75 BE 4 JR s A6 S A R 7 1 AT 8 55D 369

FIIMESE 5 R, A AR FIEURL 22 [8] (1) 31 2 38 330
FEASE WA, F0RL 1 932 Sl R A 2 1
B
mi%:mig+(Fd)i_(Vp)ivpia (3
At mi, v (Vp)iﬁ%ﬂi‘%ﬂ?%ﬁ*ﬁi%iﬁﬁ\ RN

s (Fy)i Vp 2R B0RLT Y BRI A6 L
3.1 REET

Ohy HE B AL AR SR Sl OB A0 — 7 B K
FIREZ IR A i e, TR e 2R R AR A 2
2525k KA WL I A i T S O LAY, 3
S oy [ R 0K 0 B 5 R D MR IO i, A

SR RIS RAS , e 10 frs .

%) TN VN R VS S AVAN ) TAYAVAVAYAVAYaVavy Vavay
OIS SR OO RA AN OO
vy nﬁ'%'g" RO Avév;sgﬂﬂnﬂnmu ]

PYAvs

Vé
I
5
K
N

vy

50
7
i

VAVAVAVAVAVAV:

o

vl

SORRENSORISINNAAS
VAV KINPKTS VAVAVAVAVAVAVAVAVA
u‘AéAgﬁgggﬁgtgﬁgvgg%gAVAVAvAvAuvAvAVAV%‘,, kK
s e

A v ATAAVAv ik WY

YEEOOAAS

AVA
e

SR

AL

INININININN
VAVAVAVAVAVAVAVAVAVA
VAVAVAVAYAY
YAV
N
VAN

7AY
V##AAV

ZAVAY
&
K
s
N
SN
WV
%
4Vavs

VAVAVA
TAY)
K7

i
;V

VAVAVAVA
YAVAVA 0
SRR
R
SSN
N
<
K
S

KRED
0

D
s
S
D
il

~

A\

SAVAYAVS
\\
QA

A
‘VAV
N

YAVA
POCY
Y
o

YAVAY
N
55
0‘#%'5»
va)

TN
Y
K
RREER
)
K
9

VA
VAVAVAY

3 Ya)
55 VYAV AV ATAVAYAY AV YAV VA
VAVAY, VA A VAV VAV o AVAY v AVAVAVA v o AVAV v, VAV, y AVa v,
Glats
T ATava AV A VA v YA aVay A VAV Y, ATV v ATV

P10 AR o0 SR R s B

Fig. 10  Mesh generation and local enlarged schematic
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Fig. 17 Fitting curves of measuring point temperatures under

different initial temperatures in the explosive field
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Tab. 3 Parameter values in the fitting formula at various

temperatures
IRiRE /K ZHa Bl B0
2500 1609.38 0.24 578.02
3000 1975.33 0.24 641.14
3500 2341.26 0.24 704.30
4 000 2706.87 0.24 767.47




372 ot K 2 e RCARRAO

2026 45 3 )

FEAEANCEE T, 046 16 28 A X 48]
FIEA5 09 6 13 5w AR 2, DR 45 5 R T G
th<ktn & 18 .

84 000

82 000F
80 000

78 000

& 76 000

R
1 74 000
72 000

70 000F
68 000

66 000 1 1 1 L
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
HH #5/m
& 18 i i Al il £k

Fig. 18 Fitting curve of pressure measuring points
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