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Influence of typical metal powders on the shock wave effect
and thermal damage performance of FAE
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Abstract: To investigate the influence of typical metal powders on the shock wave effect and thermal damage performance of
fuel air explosive (FAE), the explosion characteristics, flame structure and temperature distribution characteristics of
epoxypropane (PO) with different types and contents of metal powders were experimentally studied using a 20 L spherical
liquid explosion test system. The temperature field of explosion flame was reconstructed by the colorimetric temperature
measurement method with a high-speed camera, which is based on the gray-body radiation theory and a self-written python

code. The tungsten lamp was used to calibrate the measuring accuracy of the temperature mapping system, and the fitting
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relationship between the temperatures and the gray values of the high-speed images is derived to obtain the conversion
coefficient. The experimental results show that the optimal mass concentration of pure PO was 780 g/m’, both the explosion
overpressure (Ap,,.,) and the explosion pressure rise rate ((dp/d¢),,,,) reached the maximum, Ap,,,=0.799 MPa and (dp/df),,,.=
52.438 MPa/s, respectively. The maximum explosion overpressure, maximum explosion pressure rise rate and maximum
average temperature of PO added with Al, Ti and Mg powders all increase with the increase of mass ratios (/), while the trend
of maximum pressure rise time is opposite. The variation rules of the maximum explosion overpressure and maximum average
temperature are consistent, the order of their values is: Al/PO, Mg/PO, Ti/PO. When /=40%, the maximum explosion
overpressure value of the three solid-liquid mixed fuels increases by 12.00%, 8.41% and 11.54%, respectively, compared with
pure PO. In addition, the variation rules of the maximum explosion pressure rise rate and the combustion rate are consistent,
the order of their values is: AI/PO, Mg/PO, Ti/PO. When /=40%, the maximum explosion pressure rise rate value of the three
solid-liquid mixed fuels increases by 41.91%, 39.60% and 45.29%, respectively, compared with the pure PO. The results
indicate that different high-energy metal powders have varied advantages in improving the explosion performance of PO, so
metal powders should be appropriately selected as energetic additives according to the damage performance index in the
formulation design of FAE.

Keywords: fuel air explosive; epoxypropane; metal powders; solid-liquid mixed fuels; damage performance; colorimetric

temperature measurement
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Fig. 1 Particle size distribution and SEM images of different metal powders
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rise rate of epoxypropane with different mass concentrations

NIEL 4 0T U M, Bl B 48R Joe o0 ot W B8 A 34 R, JH B R AR 8 T AR g R R 07 b T i e 34 5 i Sl 44
KGN A B, IR AE T R R 780 g/m® Bk Bl i K, e RAE 439 M Ap,, = 0.799 MPa, (dp/di),,,. =
52.438 MPa/s. 4 N BE o IR BEAIR T 780 g/m’ B, YK KE 25 4% N LSS AR 78 2, R SR IN B TR
BRBRE S S 58 4, MR IS IO 188 T30 Py A i i o O o YA 8 P9 348 KT 348 R, DT el 15 B R B 8 3 ¥ |
Tl [RIBF, Hy 0 v 3 44 5 ORI 18] 14 A% PR B0 /N, W 237 22 TR AR s S 48 X, (A5 e K
JE ) B AR 2 T o SR, PSP o B R B T 780 g/m’ B, BEAR N ERERRHACH L 2, W
Z 00 14 B 4 e SO T RD P  FE ARE 3R B, by YR 1 R T K 0 A LA B 5 YRR 2 ] 1 3R R Ak
N, W 55 10 3R VB, S B A BB TC 1k 2 5 be I N SR B AN TE 43, AR SRV 23 WSO HE 4%
i PURRBHIR P IR BT H R i) v, 38 AU MR 3 R s A e R s ) b T R 4080 )N
2.2 HBIEEMRITINE R KT RN B F M

kT 5 MR 4 T A AR K I AR P o o B SO R TR, SR 20 L BRI IR KEMI R 4, BT TR
TN [) o 2 B o BE 4 T B R () IR SR N e MR BB A . FR 2.1 AT LR Y, Al SR TN BE AE T VR
780 g/m® B ik B 5 K BRI IE T1 Ap,,,. = 0.799 MPa, [K It 5256 %% 1% o 2 v BE T A9 34 580 P Joe VSR 1A%
BE, IR R T L (D B9 408 (AL Tio Mg) By AR 5 HAR G 3857, SR 5 M 12 [ - VROTR A5 SRR A o o D e
PEo THITFRE AT

m,

I=——™  x100% )
mmp + Mpg

e my,, A S G JE B AR AR, mpo PR B
S5 FH 11 - VTR A R BE O 2 2 o o REE 2 4 A5 A R SN BE (10 mL) 43 51 2 AN BapR

101408-5



5 44 & ek, . URLE R AR XTFAE R RO AN PR A5 R 4 5 AR

I 2 iy E SRR S HIRA B4, s R2 SRHFFEREE-R WA S
;{ 2/\ PQ*ZEF'E/J@ {ﬁ {tEé J@Hq %M@J )\ ZOLﬂQ Table 2 Formulation of metal powders/epoxypropane
T VARS8 2R 0 1 2 R HE (A I B) solid-liquid mixed fuel

P2 W TR S RORE R T LU e TIRAERY R
S B0 T 3 RS ) 2 HOR RO 18] S IR R FEWSE/ (gm™) W% il
FHIRRIE J1 R 1 TR R 2, ] o T ! 10 184
DL, 78R ) B TR B — A “ ks, 2 750 20 00
S O 14 T B 5 o, R 4 i B £, 3 % s
I G B A B R SR T A WG i R e ! 0 1o
B R SANE F S 800 BEJS , SRR R 11 JF 1 LTt =
BRIl 2 — -3 X V-2 % o ] B 5 op B
ARSI 0 47 IR I 5K, B A ) IR A £ o8 | | Zos 1”2
TR 2 K2 (= 1) o AR - [
TR SRR I 3o B PR IR ST 2 L B 1 |
LESE Tuhﬁw‘;%ﬁﬁﬁj‘j 3 4B B 18 g T : (())1-50 0175 0200 0225 025(2) :%
JRIE ) TR W (A DR BEWE DX, 3 £ 02] | Tmes 2
i 5 KRR IR (Ap,o) (I 2066 (1 1 7 15 5 oL s
JH 2 R F 9 258, FE T 1] (Ar) B KA I . " .

0 5 10 15
Time/s

B 5 ORI IRy I AR i 2 SRy B TR

TFIXF LRI 220 ¢ 55 g, B ] [R] Fi 20

P 6 s 3 AN [ 45 Ja A5y AR [ - Wi TR 45 49
R AR i 2L SRR T R B ) Fig. 5 Explosion pressure time history curve and
IR, LR, 3 A E-BOR SR (AVPO. pressure rise rate of fuels
Ti/PO. Mg/PO) i e KKK MR e Al e K 77 1T
A i < i o AR S5 B BRI T4 K, I L3 T A A A e AR R i KR R T B R KT g T
AR 4), X J2 0T 8B A AARBRORHE KT OB R BV BE, XA & 1 [ - WTR A e o
6] B RE PR, T ELI B I - OR A RRE R ST N BE, (AR R TR LT R, S5 8] 7(a)
3 o e 0 <53 i o A A R A 1] - TR RO B 9K TR A IR TR T DR, S A ) < s by oK B [T - YR
BRARLR AR 1 R B /MK K R AI/PO, Mg/PO., Ti/PO, 3% J&: [ A, 4 i 9y A 14 5t 22 0 K B /MK R Oy
Al Mg, Ti(43 54 31.3, 24.8 F120.0 MI/kg) 7, 4 J@ by R (19 I0 A 2 4 v 1 -V 1 & A RE A R 44, 32 BR 2 [
PR AR G B0 A g, SUPRTE SN K A A SBR, DATTT AR T ) (L B SR BA B T

1oF
£ s £ osh | £
= - g
s il 4
E S| 2 o6k 2
5 s| 40 2
= a
g & 04l
2 g
[ o
g —10% 20%| 2 | - 10% 20%
o —30% 40%| = 02 T 30% — 40%
s
0 B 1 1 1
0 2 4 6 0 2 4 6
Time/s Time/s
(a) AL/PO (b) Ti/PO

101408-6



5 44 45 SRR, % U STRMARXTFAE MUY AR5 RE A R 5 10 3]

o
o0
T

=3
N
T

(dp/dt),/(MPas™)

Explosion pressure/MPa

o2 b —10% —20%
' ——30% — 40%

Time/s
(c) Mg/PO
Bl 6 IR BRI T | S R R S K ) 1 T

Fig. 6 Explosion pressure, maximum explosion overpressure and maximum pressure
rise rate of solid-liquid mixed fuels

B 7(0)~ (c) 733 A S i 3 ol L 0 <5 Jom A5 A P 361 - 9030 S A A JOR D8 1y T 3 R R T ] AR 4k
HOIRIET . BT LU ), BEFE LB, Ti B3 A Mg B J5cie U3, 181300 S AR R ) LT i s B
BER B ES, TR ) A e R 3 5 2 A S o A TR JBCRE LAY [ - WOIR MR 2 S BRI 4 Fb R ZOR S,
K 8 B, 48 mB AR R R L 1= 10% B, [ - W0 A 0BG T AR AR S, & s kAR 58 2 B 7RI

0.92 80
| [ Al/PO il Al’PO

[ Ti/PO - I Ti/PO

AP,/ MPa
=} o =}
o0 o0 o0
= & =3
T T T
__
__1i
T
T
A
B
Y
(dp/dt),.,/(MPa-s™)

0.82
10 20 30 40
1% 1%
(a) Maximum explosion overpressure (b) Maximum explosion pressure rise rate
35
B A1PO
B Ti/PO
1 Mg/PO

At/ms

10 20 30 40
1%

(c) Pressure rise time

€7 AI/PO, Ti/PO Fll Mg/PO [El-HGR A ORME S HIR 2]
Fig. 7 AV/PO, Ti/PO and Mg/PO solid-liquid mixed fuels explosion parameters histogram

101408-7



5 44 & ek, . URLE R AR XTFAE R RO AN PR A5 R 4 5 AR

PRI} T I B S AR R B TR MR TR BN, 2 T LT, AR A A R A AR SR B AR R S R A R R N . Y
1=10% I, 3 Ff [ -IR A BRI (dp/de) ., (EITRIAHSE, BERH BL T & H T 4@ M 5T (dp/de) ., I RZ IR/
(WLIE 7(b)) o 4 1=20% B, VAR5 B RO B3 45 G, (A -1 A BORMP R AR TE A, 3 F -
TR A BB A BRI R ) b TR AT T= 10% B8 0, HAS R 42 J@ B % (dp/de),.,. A5 T 46 22 80 25 5% (AL
KL 7(b) o 4 1=30% B, [E-WRIE G OB RS AN TR A A, M0 5 UKL 22 18] B 422 P B A AR IR TR
TIME L, (A5 4 URLBE IR AE — &, TP A MR RORE ) SR TR, R TR &2 8B X (dp/de) e, M50 25 57
FEER IR (UL 7(b)) o Bifi 25 -V TR A Rk v 4 T 0 0 £ LU 3 KB 1 = 40%, 5593 42 Ja 9 R o i i it AL
AL N, B i [ RO A R 43 BRI R R ), S [ 4 JE R X (dp/de),,, FORE I 25 57
W/NCILIEL 7(b)), BEES AVPO. Ti/PO., Mg/PO [E - IR A #ARHE (dp/de),., TEAHER T 2405 50 bt 40 1) 3 K
T 41.91%. 39.60% F145.29%. 4 1= 20% I, 588 AR AU ], 3 A [ -W0TR G0k R0 B 7t
HOR M EN /MR R : Mg/PO., AI/PO, Ti/PO, X 3B i F 4 J@ MR 5 B9 R B/ IMEK R A Ti #5 L ALK .
Mg B3, R SRR, 4 Ry RS 2 Bl RS AN, ALKY . Ti B T Mg B 9% 58 43 51K 2,70, 4.51 Fil 1.74 g/em’,
TEAR R BT LT, 4 Ja b A 285 BB/, ORI S0 22, DA 28 46 v 46 Jas JORE [R] 174 1] B /D | A% $A 32 m
PR AFAR IR KR ) TR R AR AR R

Metal powder Metal powder

PO>/ 11/ >(/—-T f/’z/
N LT~ 8
‘“*/ /j)gsv ~ \Z\ g’/

I=10% 1=20%
Metal powder PO Metal powder
PO Ny
} ‘ “’ “.oﬁ J/~
4 )‘\\o ) 'y
. {“J" , x"v)J %{ \
(WA,
1=30% I 40%

Kl 8 AN[F B H BRI AR A E

Fig. 8 Mixed forms of solid-liquid mixed fuels with different mass ratios
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