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Fig. 2 Energy allocation relationship
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Fig. 3 Experimental loading and testing system of high-entropy alloys projectile impact reaction energy release
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Fig. 4 Experimental equipment

R T HEARNFE TR R H S R S A AL b ROV BERE R RN, FRR T 5 SEE, SRR A S
BT 1,

014103-3



538 % MG HIZeTiTaNb R =0 A 4 10 vl i R B B e s i 1

x1 LREFSY

Table 1 Basic parameters of the experiment

No. Specimen Size/(mmxmm) Mass/g Impact velocity/(km-s™) Density/(g-cm )
1 HfZrTiTaNbCu,, 24.63%4.68 0.786 1.35 9.98
2 HfZrTiTaNbCu, g 24.96x4.69 0.918 1.30 10.13
3 HfZrTiTaNbAl,, 24.95%x4.83 0.899 1.31 9.68
4 HfZrTiTaNbAl 24.81x5.15 0.853 1.57 9.12
5 HfZrTiTaNbAl 24.76x5.11 0.832 1.59 9.15
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Table 2 Calibration data for each channel of the transient fiber pyrometer

Channel Wave length/nm Impedance/kQ Voltage/V NApW-cm>nm'")
1 400 10 2.934 281.7
2 500 10 4.400 235.5
3 600 1 0.880 347.1
4 700 1 6.046 280.7

HE A 25 28 AR K N AT LR IRl
E. = pV+ncyAT, (3)
K p BN TEIE, Pa; VoRHES A 48 KT, 17=3.274x107 m’; ¢, -2 L e A,
Hp ¢, =3R, R=8.314 J/(mol-K) kAR S AR5 K n, H AR Y R ) 1, mol; AT, A ER A 24545 AR
AR, K.

T HE AR V2 2 5 1) BE 25 28 IG R 10 mm A0 B 28 i MR AR IR Sk, B DR G EF 4 Kk B 58 38 10 sk i 25 1A
AR NN EAR ST AR At 7, SRAE B[R 5 S L BER A M B A5 5, A e R I A o INDGHR 3T
SRIE I, TR H

hew B N(2)

ICX = o~ 1 N 4
P h, P 2n(1—cosé) “)

s 1, 5L I S8 (Y DA G4 S 5 B2, pW/(nmeem?); A, SRR A8 I 6 1Y F FE IR EL, V5 A, Ry SE B0 T 2
M HL AR, Vs 1) o broE BE B, BIVSE 56 A bR G AR Sk BRI 25 K BHOGA A 25 iU BE B, 1,=10 mm; [ A GEF 4R
Sk 5 HEAR Z (B A BE S, =10 mm; N,(2) bR HEG IR 25 38 B OGTE 4R BB, pW/(nm-em?®); 0 G EF 4Rk i LR
fi1, 6=37°,
R 37 B9 BT A e S B T, S A DY S i 55 DR G S U B =2 T
1(A,T) = %etam2 (g)% exp(—%) (5)
s 1O BRS T W TN G HE 5138 B, uW/(nm-cm?®); T N TAGHRE SR B, Ks A MK, nm; C, M4 —48 4

014103-4



%38 % ERPCIRAE . HEZrTiTaNb R R & S iy S SRR REAE L A 51

W, C=3.7418x107" W-m?; C, 5 RS # B, C,=1.4388x102 m'K; & W KA KT & 5 %
FEL P B o S AR S 1, SR 4 Fh R [RI K (400, 500, 600 F1 700 nm) 1Y SE I KR, 1A B AN

K(T) =

ﬁ _ /1214
1314 (/11/13
e 1 L LR L R AS TR R Y DGR S 38 B, uW/(nm-em®); A, Ay, A A1 A, SR B T 6 )%
K, nm,

B 5 SR T30 1~5256 5 B9 R IRINDEEEE . ARIER (4) THR TN GRG0 B, 45 59 5 B A R il 28 40
& 6 iR .

AR (6) H A DGR SHIREE, B 7 B T 52560 1~ 5200 5 W25 A 25 f N 10 A M 8 AR DR Y6 5 S,
FERF AR . 26 3 51 H T S8 v R R R DR O B B R Y I

’ T
) CXP[C— (L+A =4 = 43) (6)
2

4 5
—— 400 nm —— 400 nm
3 —— 500 nm 4t —— 500 nm
I —— 600 nm
% —— 700 nm % %
0 0 )
S 8 8
= S =
0 0
090 1.05 1.20 1.35 1.50 1.65 1.80 03 06 09 12 15 1.8
Time/ms Time/ms Time/ms
(a) Exp. 1 (b) Exp. 2 (c) Exp. 3
5 3
— 400 nm — 400 nm
—— 500 nm
= > 2f
[ o
) )
S S
= St
0 0 H T L
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 1.0 1.5 2.0 2.5 3.0
Time/ms Time/ms
(d) Exp. 4 (e) Exp. 5

F5  SemrdoLer mli IR G i RS
Fig. 5 Original voltage signals tested by the fiber pyrometer in the experiments
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Fig. 6 Time-history curves of flash radiation intensity measured by fiber pyrometer in the experiments
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Fig. 7 Time-history curves of overpressure and flash radiation temperature in the quasi-closed container
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Table 3 Peak of overpressure and flash radiation temperature in the experiment

No. Specimen Overpressure/MPa Temperature/K
1 HfZrTiTaNbCuy,, 0.22 1260
2 HfZrTiTaNbCu, g 0.24 1370
3 HfZrTiTaNbAl,, 0.21 1120
4 HfZrTiTaNbAl g 0.20 1228
5 HfZrTiTaNbAl, ¢ 0.20 1281
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Fig. 9 Observation area and infrared view of quasi-closed container
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Fig. 10 Temperature time history curve of the outer wall of quasi-closed container and the infrared view at typical moments
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Fig. 11 Flow of reaction products in the quasi-closed container (Experiment 1: HfZrTiTaNbCu,, projectile)
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Fig. 12 Flow of reaction products in the quasi-closed container (Experiment 2: HfZrTiTaNbCu, ; projectile)
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Fig. 13 Flow of reaction products in the quasi-closed container (Experiment 3: HfZrTiTaNbAl,, projectile)
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Fig. 14 Flow of reaction products in the quasi-closed container (Experiment 4: HfZrTiTaNbAl, ; projectile)
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Fig. 15 Flow of reaction products in the quasi-closed container (Experiment 5: HfZrTiTaNbAl, ; projectile)
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Fig. 17 Numerical simulation of temperature cloud in the quasi-closed container at different moments
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Fig. 18 Time history curve of the gas temperature and the ejected gas mass in the container
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Fig. 19 Craters formed by the impact of projectile on the target plate and their cross-sections
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Table 4 Impact reaction energy release results

Impact velocity/

Energy release per

No. Specimen (km-s™) Mass/g Energy release/k] unit mass/(kJ-g)
1 HfZrTiTaNbCuy,, 1.35 0.786 1.32 1.68
2 HfZrTiTaNbCu, 1.30 0918 1.76 1.92
3 HfZrTiTaNbAl,, 1.31 0.899 0.88 0.98
4 HfZrTiTaNbAl ¢ 1.57 0.853 1.19 1.40
5 HfZrTiTaNbAl 1.59 0.832 1.21 1.45
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Table 5 Atomic size difference of HfZrTiTaNb based high-entropy alloys
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Quantitative Determination of Impact Reaction Energy Release
for HfZrTiTaNb Based High-Entropy Alloys

GUO Zihan, CHEN Chuang, TU Yiliang, TANG Enling

(Key Laboratory of Transient Physical Mechanics and Energy Conversion Materials of Liaoning Province,

Shenyang Ligong University, Shenyang 110159, Liaoning, China)

Abstract: As a new type of energetic material, high-entropy alloys will release a large amount of energy
during high-speed impact, which has important application value. A two-stage light gas gun system was used
to load the HfZrTiTaNb high-entropy alloys projectile under vacuum environment, and the impact
experiment of bearing steel was carried out. The evolution process of response parameters such as flash
radiation temperature, gas overpressure, flame propagation velocity and temperature rise of container wall
was measured. The energy flow direction during the impact reaction of the high-entropy alloys projectile
impacting the target plate was analyzed. The enthalpy of the mixed gas, the flash radiation energy, the
absorption energy of the container wall, the enthalpy of the ejected gas and the deformation energy generated
by the impact on the target during the impact reaction of the high-entropy alloys in a closed container were
quantitatively calculated. The effects of different elements and their contents on the energy release of high-
entropy alloys were obtained. The results showed that the energy released by the impact reaction of high-
entropy alloys projectiles was mainly absorbed by the quasi-closed container wall. With the increase of Cu or
Al content, the unit mass release energy of HfZrTiTaNb based high-entropy alloys increased. At similar
impact velocities, the high-entropy alloys containing Cu released more energy per unit mass than the high-
entropy alloys containing Al.

Keywords: high-entropy alloys; impact reaction energy release; energy distribution; unit mass release

energy
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