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Tab. 1
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Fig. 1 Distribution of explosion experimental equipment for high temperature molten metal and water contact
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Experimental parameters setting of high temperature molten aluminum and water contact explosion

MW/ kg KPR/ BUKBURLE TR KR B/ m
1. 2942 259
1. 4161 283
5 0.4
1.5230 305
1.8342 367
0. 8964 90
1. 3495 135
10 0.4
1. 4291 143
1. 6825 168
1.3333 89
1.4523 97
15 0.4
1. 4960 100
1.5632 104
1.3023 65
1. 4501 72.5
20 0.4
1. 4960 75
1.5632 78




Bl TR R R AR TR AR AR A R S S BT Y 117

=

3 KBERESMH

3.1 BRBMARSKEMEENTRLTE

P 2 AR S /K BT iE BE R 5 A fen iR A Rl 40 V5 7K e o AH B A P G P Y o R R R R R IR R
VBN Tl i 26 U R LA 3RO B KO 1) YA T 25 ¥ A KR Je Rl Y5 K f 5 1) B R K A T
55 K A2 AT A B L B AR TR R TR AR O B SRR W WA RS E . BTSRRI S K2
(] A7 7E 4 B R e B 22 5 B0l A0 W5 /K 4 iy 7 2 T B %) A A A JB T i 2B AR S 58 5 K 4 fh S T
Aab 1 7K DR R A 2 ) AR T T 20 0 I O 2 K 20ms B A s R R 2 T O B — J2 2R VR, ZR VRN R
5K Z 18] 9 1% A BT AT — s BB FH LG BS) SRR BROE 1 30 s A A28 e B B ATy I T ISl s . Bl
BR8N KRS o 0 BT i B 0, A0ms ) BR R0RRR SR A I Sk 78 O FE R AR T L BR WM SR A4 1) KR R O 7%
2y o IR OB A TS5 X KR 1 AR 37 B Y0 3 A R T8 i 1 B S A I8 200 R R AR SR S 1 0 2% % A=
etk . WEE SRR A K P, R AR B ik X JE BRI R 4 R e AR T L JE B Rayleigh-Taylor A 2 2E
Kelvin-Helmholtz ANFaE o 28 VAR K 52 0 20 107 4 2E S5 56 o i I A =X ol 25 9 i 2 708 S A% 25 5 L 60mus 1)
F5 Rl SR WOW 25 3 — 25 A2 T 70 H5 Rl 508 W15 7K 2 M 1) 320 5 ke A TR B AL IR . Hl T A TR 5 K Y
S TET B 8 R e e B AR K 2 T A A A R R, 80ms I L 7 e 2l WY I 5 L 0 B R Y DT OR
BRIV R A TE A B A B AR KR I AL 3 L B VR P9 B AR R UL . 80ms i v T R BRI S K
22 i S 7 A B TR B Je Rl B R Al TR R B U PRV R A R LR AL L BRI BRIRE IR B S 2 R L TB
AT, 5 [E] B B 2l 3 AN AR F T 7KMo 3 X AR PR Ay dt A = AR 4 3l . AE R e R T
T LR T 3 bk 5l 1oy 7K R D J] A 4 aek AR b 5 YRR AR IR e R R S8 4 5 K A% TR B R s B
K 240ms I 58 W 58 2 B VE T R AR VR T 28 . VR - IE SR ROE 2S5 . 500ms Ji5 .« 1 il B 5 7K AH
A AR TR 2L BRI B A E S BT KRR R B AR R 2 B B0 BR B0 5 IR AR AR 0 T R
ASTKAE . 1700ms LU 8 KE 2500 W Sk L 72 I B Be o 7R P 7K 6 B S 920, KR s o 7K R P Y e BSARGi K
A IR KoK 107 KA 5 BE 2 40cm I Rl BR R 198 Ak LU A FE 43, I 5 22 1) 8 R EL A P XI5 ik R >
KA ) BN A BAAL 57 A B4 2 R AT T 4 ) L 140 2 SO0 Il A v 7 A0 R I () P 5 | 7S RS AR G 4%
YEMERZ K T8 2R VR HE .
3.2 BERBMRARSKEMBERERES

Pl 3 S TE/KHRE 0. A A0 I3 fY reg R A28 Rl BR V15 7K 422 ik AR 0 b o B0 B A 5 BN L ) TR T I R R
22 Ry — > ML Y R s e il L TE RO SRR SR 19 1. 9s I H BT ) SRR T 3. SkPa SR B g
B 7y 187kPa, il {8 s g 1Y /N5 B A o B8 AR BE AR A b i B SF R A G, A=
& Tkg~2kg SN AR W5 K A FH e 0 o A 00 3L 00 o7 1 1) o o 8 e {0 Ry 150kPa~1MPa,
i U Y 45 A P 3 S IR T U S 1% /0N AR AT b e o) A SR B N 1 43 7 DU L R R AE 100k Pa~
200kPa, 7] X By 752 X1 45 14 55 A S0 7 AR B 5 B R T 100kPa B, AT B8 4 Jis L JFF L L 24, DT =
BHCT:, i AT W /N Y R R TS K AR E R ph e E R R AR E R, 7E T
fifE AR A 7 R BRIV R TE 10t LA b G0 SR v R R ER W — B K A S 8 7 AR i B M R Y
v T B VR T A AR R O L TR A g A S YR T AR R R TR L B R AR R
3.3 BRBMRARSKEMBEEDEEEESN
30301 i TR R AR W K kR R AL AR

(1) vy U445 W B VA e 5 #A R

T o T S V5 K A BB O 1 e R v B R R R VR T R R LR TR ) B A Y AR A R
AE 12 LG4 Sk A R Y T 2R A [R] I X 7 ) Y B AR A A BE L R RO — T O e R
o B IERE & . s T R < S 5 UK 2 ) Y A B B R 15 R R M ) Bl g K 2 R 7 AR B K 2R R R AR
ST K AR PERE AL IR . BN m, B9 = IR AR VT B A7 1 AR Q.. T =R (DI H 5

T

~T
Q = m,.(J ' CdT+J Cp,dT+ ) €))
. .



118 Lo (2021 4E) 45 36 4

3

2300ms 2700ms

P2 e I TR VR 7K fl e o R e R AR (B LR 5)
Fig. 2 High-temperature molten aluminum liquid and water contact explosion

process high-speed camera (mass ratio of 5)
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Fig. 3 Shock wave electric signal and corresponding shock wave pressure of high

temperature molten aluminum in contact with water
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Fig. 4 High-temperature molten aluminum liquid and water contact explosion shock wave energy conversion rate
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Tab. 2 Explosion shock wave energy conversion results of molten aluminum liquid and water contact

BWERE KRR = JEfER TNT M R AR

/kg /ml ST MOKMEER /m ke WA /K] M /%
1.2942 259 5 0.4 0.015 1693. 07244 3.95
1.4161 283 5 0.4 0.016 1852. 54202 3.85
1.5230 305 5 0.4 0.017 1992. 3886 3. 80
1.8342 367 5 0.4 0.018 2399. 50044 3.34
0. 8964 90 10 0.4 0.019 1172. 67 7.22
1. 3495 135 10 0.4 0.021 1765, 42 5. 30
1.4291 143 10 0.4 0.023 1869. 55 5.48
1. 6825 168 10 0.4 0.03 2201. 05 6.07
1.3333 89 15 0.4 0.044 1744. 22 11.23
1.4523 97 15 0.4 0. 045 1899. 90 10. 55
1. 4960 100 15 0.4 0.047 1957. 07 10. 70
1.5632 104 15 0.4 0.047 2044. 98 10. 24
1.3023 65 20 0.4 0.021 1703. 67 5.49
1. 4501 72.5 20 0.4 0.028 1897. 02 6.57
1. 4960 75 20 0.4 0.026 1957. 07 5.92

1.5632 78 20 0.4 0.028 2044. 98 6. 10
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Experimental study on the explosion process of high
temperature molten aluminum liquid contacted with water

ZHOU Ning', LI Xue', CHEN Bing?, MEI Yuan', REN Fuping'., LI Entian', YUAN Xiongjun'
(1. School of Petroleum Engineering of Changzhou University, Changzhou 213164, Jiangsu, China;
2. China Academy of Safety Science and Technology. Beijing 100012, China)

Abstract; In order to explore the mechanism of interaction between high temperature molten aluminum
and water, a set of high temperature molten aluminum liquid and water contact explosion experimental
test system was designed. The process of interaction between high temperature molten aluminum
liquid and water was monitored by infrared thermal imager, high speed camera and pressure sensor.
The law of energy transformation in the process of contact explosion between molten aluminum and
water was analyzed. The experimental results show that film boiling occurs instantaneously when
molten aluminum liquid is in contact with water at high temperature. The shock produced by intense
gasification of water produces disturbance in water and the disturbance expands rapidly. After 40ms,
the film boiling changes to the nucleate boiling until explosive splashing occurs. According to the law
of energy conservation, explosive shock theory and experimental results, the potential thermal energy
of high temperature molten aluminum is about 3. 34% ~11. 23% and converted into explosive shock
wave energy.

Keywords: molten aluminum liquid; steam explosion; explosion shock wave; energy conversion rate



