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molten tin and water, the icoReactingMultiphaselnterFoam solver within OpenFOAM®-v1806 was
used to simulate the hydraulic fragmentation process of molten tin entering water. The effects of
Rayleigh-Taylor instability, Kelvin-Helmholtz instability and interfacial shear force on the frag-
mentation process of molten tin were analyzed. And the sensitivity of the degree of fragmentation
to the diameter of the liquid column and the initial velocity of the liquid column entering the wa-
ter was explored. Research shows that the degree of fragmentation of the liquid column and un-
derwater penetration in unit time are inversely proportional to the diameter of the liquid column.
Meanwhile, the degree of fragmentation and the formation rate of solid tin are proportional to the
initial speed of the liquid column entering water.
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TE Tl A 7= s KA S B DLIIYA 0751, 55 vl A R 5 o 2 fd s 7 3 R v e o J) 7 ) A A LI R
A5 R 5 S AR AR DA K 22 B 2 R B A AR o 7 v TR A R 46 e 8 7K A T P B SO 7 e, JE 1]
WK I AR I R S A A T 7 W PR T S o 3 Y 58 [ 2] 35 T e B VR 7K 1 e AR UL T 7 I AR T
TR TH 17K I SRR M WO A 1) 1 EALEE o 4 7R [3] R FH MPS BB RS HRE 7 44 4 i A IX a2 Sy
B ARSI . BRI K X RSB X, LT B2 B IR E A Weber 33 K BB 5t 5.
BB (41 4E METRIC F2 /7 X MR /K 77 S REAAT Ry B TR M BEAT BUE vH 5, WY LR BAE iR Weber
BT A R A 2 A2 0 T AS R P AN B RN o PR IE AR [S]R A A PRAR AR 725 7K 7 4 (Level-set) J7
ARG SRR AR FE R B R AR B R . BT T N IR 3% I B J13 0 A% WF 3k ®
N SR TEPEASCAR AT, I3 PRl e PR N G R R S I T AR, A R TR A L P A I T AR A L AR
ZU, XL SRR, SRR K S U (Re/We®) RIEHUH K R

RN R 8 S KA AR R ALEE, B0 N2 R THSRRARS) ) E A SRR AT, 4 ANSYS CFD. ANSY'S
CFX. MPS. MC3D % K ZHAT HUHBAURF 72 . Hh, OpenFOAM ¥ifig F b, (R HAE Ny —FhFFIEEAF,
AT 2 PP AT SE R S SR AARS TR S B AN AT IR 4 BT IR 4R IR AR IR AR AR e i F2 R beid A
FIIRENE R RN A1 ee . AR FUR ISR G A T RL, B T IR 4. OpenFOAM®-v1806
T icoReactingMultiphaselnterFoam 3 fif #% A5 4006 Rl 85 A N KR K WA RS, e Hir i) - 2R3
(Rayleigh-Taylor, R-T)ANE& 2 14« FF /R 3 - ZKUBEE %% (Kelvin-Helmholtz, K-H)ANFase 4 K S 5 ) 77 %6 i
GRS R E FH S R, BRIUK IIRAT A BLAR BB N K W JEE S5 A i 2R P 52

2. BUELERI3%
2.1. VOF &8

VOF AU TSI A AN L 1 22 Rt R SRR Rl —sh 588, A% ST S AR AR R 0 b ANy 1
FIZEAE R . o 9 0 B 1 I, 23l 2R WM 3 T0iimt MR BRI O Z AR, A T 2 T U 2R A AE A A
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Fr5: Fhrlig. vap 2 BIFEHAH. 5.
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S0 BRI, DN Oy PR JEE 159 9 723 () AA B MR T P S 88 P AR e B0 [6] 0 b, AN AT R IR AR (R e S T A 9 -
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Navier-Stokes 77 F&/& 2R sh @ HERZH, ZOesh&EsFE. Kk, Navier-Stokes 77 F2 i3 A M
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X, p WIERI ), Pa; g N ShE &, misy; f it % 4L B /145 A (Continuum Surface Force,
CSF)it ST SR 7K /1, N/m.

TR R PEpE G RE s AR, HEE IR E . REEE TR E— e, &
OpenFOAM [ Z AHFLRMEAEH, AN AT R4k 1) R & < e 7 FE RIS T 200
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b, TR, K LA BRI BITRBUN ARSI, Jkg; m N RAARIZE R &, kg/(mP-s).
2.2. 1HTER

SKAR2S o 2 PR AT R Rl AR AR AR A ——LLee BN KineticGasEvaporation model 574, w4+ x4 — 2574 i
FHAR I FE BN E AR . AR 700 I & @ e [ 1k 72, SR Lee AHARURBNARTY .
1) B Lee MY BRA) 1) AH 8] 4% 5 75 F2
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2) ™ KineticGasEvaporation 157! 3X 3l ) A F] 4% i 5 F2
KineticGasEvaporation #5743 13 /7 22 54K B8, 454 Hertz-Knudsen A F[8], 45 T FIH F 7%
K- BB
M

F:C(p_psat)' 27RT (13)

activate

Clapeyron-Clausius 75 #2 [ [k 77 5 A0 4% 14 T IR B R 7E— e
d___ L 14
dT T (Vvap - Vliq ) ( )

BB ZI VL T PR, RO I RGN . 456 EPaUs B P ARAR T

F—2 C M L pliqpvap (T _Tactivate) (15)
2-C\ 27RT e (Piig = Puep) Tt

X, FONBAARIRAS R, kg/(m®s); M A TE: R NSEHEL J(mol-K); p N7&IR, Pas pe AN
MEFT, Pa; vNIZEIKERE, m¥s; 24 C>0 M AZEASRE, 24 C<0 K ARk .

2.3. i iRE

£ icoReactingMultiphaselnterFoam [] turbulenceProperties #1, B LA E T RAAFIFBIZRE . X H
A =R FEA LI HEE R, 45 laminar. LES. RAS. LES 1 RAS 2 H 24N TR R4 . H,
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AR, — KR RAEN . ARRWT TR E RAS T e, Imah iR W R,
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Figure 1. Numerical model for hydraulic fragmentation of molten metal
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e A R A AR AR P B Y % A R i 1] 1 BT RS YRR TR SO, TR
B 515028 700 mm x 140 mm, AR 20 mmo SRR AN B RS SR 000 R SUNTEIE RS B
T PR ) BE TR (walll), T 20 AR S [ A s T8 79 i P AR (9,32 55 SN I 77 HE 1H] (pressure-outlet),
2435 U1 R [ 98 P WA S P S A5 T R 4T € F 5 SN RIS VA (4033 N 1] (velociity-inlet),
BN IR Ga AR, N O — b hli . A S I N, iR R 2
To WERREIBRE 2 TO E 11 A— @ s BERNKIZ Y, Wil 1 R 4063808 m iR s Rl i 63307k
TEPIRE R 23 B, K5 B B 3 (1 PR RS S4TSR S N o 75 I TR A BE R, 01 4R 5 % 2y 1050°C
WILRIE R 3 mis; tHEIRN /KPR E R 27°C . A R RIE RS B T DK N
calculated i 5 561, & 77 B H At S At e SR € X IR S Y e, k8 fixedValue 14
FEAEs AEFR A HON inletOutlet 1 5541, % A5 tH mixed U FFAFATAMR, MR H 4
5E 9 zeroGradient 261, 4N U2 fixedValue 2644, Hi K Abi# 4y pressurelnletOutletVelocity i1
Fi, A H I FE 2 zeroGradient 244, BT ARSE TFH R (pateh) ik 48 U7 n) b rad oy B B, 1S g%
VRS B LK 1,

Table 1. Set up a series of boundary condition

=1L BRFMHRE

B i BETH
p calculated zeroGradient zeroGradient
T fixedValue zeroGradient zeroGradient
U fixedValue pressurelnletOutletVelocity noslip
alpha inletOutlet zeroGradient zeroGradient
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Figure 2. Variation curves of temperature at measuring

points according to different grid numbers
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Figure 3. Simulation diagrams of molten tin fragmentation at diameter is 20 mm and velocity is 3 m/s
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Figure 4. Disturbance near the wire on the metal side
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Figure 5. Photo and schematic diagram of jet breakup behavior
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Figure 6. Photo of jet breakup behavior
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Figure 7. Simulation diagrams of molten tin’s solidification at diameter is 20 mm and velocity is 3 m/s
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Figure 8. Curve for theaveragealphas of solid tin per unit time
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Figure 9. Fragmentation processes of molten tin at diameter is 10 mm
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Figure 10. Fragmentation processes of molten tin at diameter is 30 mm
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T R TE R MO AR ANAS, IR AR PR 2 i K-H AR T 8 20 s ol P TR 000 T B 7K DRI % . 24 4%
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Figure 11. Curve for height of the top of liquid column entering
water with time
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Figure 12. Fragmentation processes of molten tin at velocity is 5 m/s
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Figure 13. Fragmentation processes of molten tin at velocity is 10 m/s
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Figure 14. Curves for the averagealphas of solid tin per unit time
at different velocities
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