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Fig. 1. Schematic diagram of physical model.
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Table 1.  Main physical properties.
2 EA¢IE] Bz
L 1000 K
JE7) 101325 Pa
TR 2357 kg/m?
TR Al R 1.178%10°3 Pa/s
MK 0.871 N/m
FEfl A 161 ®)
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Fig. 2. Verification of grid independence.
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Fig. 3. Comparison of the numerical calculation results with the experimental datal'sl.
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Fig. 4. Pressure and velocity distribution of aluminum droplet impinging on concave surface: (a) Pressure contours; (b) velocity con-

tours.
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Fig. 5. Time evolution of the pressure and velocity of solid-

liquid contact point.
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Fig. 6. Spreading behavior of droplets on the surface at different impact We: (a) We = 0.7; (b) We = 2.7; (¢c) We = 10.8; (d) We = 43.3.

—u— We =0.7
—o— We =2.7
—4A— We =10.8
—o— We =43.3

IRHlIR
gl T
S5
N .
0 05 10 15 20 25 3.0 35
t/ms
B 7 ORTR) We T 68 000 1 JR 28 5 el 1) 19 72 Ak

Fig. 7. Time evolution of spreading coefficient of aluminum
droplets under different We.
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Fig. 8. Time evolution of the spreading and center height coefficient of aluminum droplets of different sizes: (a) Spreading coeffi-

cient; (b) center height coefficient.

1.6 3
(a) We =0.7 L () We =0.7
O Oh = 0.00082 O Oh = 0.00082
12} 0 Oh =0.00092 2P 0 Oh = 0.00092
- —
.
g o)
« 083 = 10
S Q
) S Q
0.4 ~ of
0 . . . . 1 . . . .
0 2.0 4.0 6.0 8.0 10.0 0 2.0 4.0 6.0 8.0 10.0

t/ms t/ms

PO SR VAT S Jre 2R ORI Bl e L S B I D A S AR LR () BHR R A (b) R 8L
Fig. 9. Time evolution of the spreading coefficient and spreading velocity of droplets of different sizes: (a) Spreading coefficient;

(b) spreading velocity.
3.4 TRERENH FE 10 AF L TRIRIGAIE T Wb R BBt 1
HI TAESEBR A DAL PG, iR SRR IS 3 A4, Hh Dy = 1 mm, vy, = 1 m/s, k = 400.
DL Rt B T i, 14 5 B PR AR | [ A RE I AR, VR Tk R A e AR LA 2, B We
KA IR RS, S BOHIR B AP A AR A Bt TR L R 1 AR AR s . 20, BT 11 LR

JIT VAAIF 5 460 YR 17k ek A f o) Ji B el R 1 s i 2 I 16
WAL, FAIE R 933 K, Wb 2767 K. 7E
1200—2000 K 1) i B2 75 [ P, T 4 1 e Ui B 12}
T HYAE RN 2 figl.

@ 0.8F

K2 HGEITES BRI A2

Table 2. Physical parameters properties of alumin-

—a— T=1200 K,
—e— T'=1400 K, We = 2.80

um droplets at different temperatures. 041 | 721600 K. We = 2.86
~ — —e— T=1800 K, We = 2.98
/K I/ R/ ik / —+ T'=2000 K, We = 3.14
(kgm?®)  (10%Pas’) (N ) . . . .
1200 2294 0.865 0.834 0 05 Lo 1520 25
t/ms
1400 2232 0.694 0.797
1000 2170 0-589 0.760 SRUNENCHE el e e TR i
1800 2108 0-518 0.723 Fig. 10. Time evolution of the spreading coefficient of
2000 2046 0.467 0.686 droplets of different temperatures.
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Fig. 11. Variation of the maximum spreading coefficient of

aluminum droplets with temperature.
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BB s 5 PAkao &5 2 Hatta 45 201 L) & Samkh-
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1.88
Bmax = 0.093We*™ £1, Brax = W e0-46%)
1 — cosf
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Fig. 12. Time evolution of spreading and center height coef-
ficient of aluminum droplet on different curvature surface:

(a) Spreading coefficient; (b) center height coefficient.

F# 3 GRAERRESE
Table 3.  Characteristic parameters of the spread-

ing process.

k ﬂmax hmin tl/ms tZ/mS tmax/ms

0 1.394 0.192 0.6 0.9 2.3
167  1.411 0.242 0.6 0.8 2.2
250  1.418 0.257 0.6 0.8 2.2
400  1.433 0.281 0.6 0.8 2.3
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Fig. 13. Variation of the maximum spreading -coefficient
with Weber number when aluminum droplet impinges on

surface.
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Fig. 14. Modified prediction formula.
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Fig. 15. Deformation process of a droplet colliding with the

(a) BRI 25 (b) H

wall: (a) The initial moment; (b) maximum spreading mo-

ment.
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Table 4. Relative error of prediction model.
Relative error/%
g : fre e Hattafbi% Samkhanianifs % Eq. (7) Eq.(32)
167 0.083 2401 3.54 3.45 33.91 1.27 24.54
167 0.083 3201 6.30 5.80 54.13 0.36 18.45
167 0.083 4001 9.84 3.83 74.51 1.18 18.42
167 0.083 4801 14.17 3.23 87.61 1.06 16.95
250 0.125 2401 3.54 9.29 29.48 2.83 20.53
250 0.125 3201 6.30 7.84 50.37 0.29 15.69
250 0.125 4001 9.84 5.54 68.87 1.49 14.75
250 0.125 4801 14.17 5.46 85.67 1.28 15.92
400 0.2 2401 3.54 10.35 24.34 1.59 16.06
400 0.2 3201 6.30 8.67 49.43 1.836 15.33
400 0.2 4001 9.84 7.73 67.43 1.60 14.19
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Abstract

In order to reveal the mechanism of reaction between aluminum droplet and curved wall, a numerical
calculation model based on the volume of fluid method of aluminum droplet impacting curved wall is
established. By analyzing the influence law of Weber number, Ohnesorge number and wall curvature on the
process of droplet impacting the wall, the spreading characteristics and flow mechanism of droplet on curved
surface are studied. The results show that the flow characteristics of aluminum droplets after impacting the wall
are affected not only by inertial force, surface tension, and viscous force, but also by the structure of the wall.
The behavior patterns of the droplets contain adhesion, rebound and splash under different Weber numbers.
Because energy dissipation is produced in both spreading process and retracting process, the retracting speed of
droplet is always less than its spreading speed. During the flow of the droplet, there are two pressure peaks and
velocity peaks at the contact point, while the two peaks appear respectively at the moment when the droplet
impacts the wall and when the droplet is about to rebound. In the behavioral mode of rebound, as Ohnesorge
number increases, the maximum spreading diameter of the droplet gradually decreases, and the contact time is
shorter. In the behavioral mode of adhesion, the spreading radius of the droplets is of oscillatory decay. Within
the same period, the maximum spreading coefficient of the larger-Ohnesorge number droplets is smaller, and the
decay rate is faster and the oscillation period is shorter. With the increase of wall curvature, the maximum
spreading coefficient of droplet increases and that on the plane is the minimum. Based on the calculation
results, the empirical formula is revised. Compared with the previous formula, it can well predict the maximum
spreading coefficient on the curved surface, whose average error is within 3%. Further, according to the
conservation of energy, theoretical models which predict the maximum spreading coefficients when droplets
impact a curved and plate wall are also established. Compared with the scenario on the plane, the spreading
coefficient of droplet on the curved surface is related to not only the motion parameters of droplet and the
wettability of wall surface, but also the ratio of wall curvature to droplet curvature. More importantly, the new
theoretical model takes into account the coupling effects of Weber number, Reynolds number, curvature ratio
and contact angle, so it has stronger applicability and better robustness. The research results in this work will

provide the theoretical basis for practical engineering application.

Keywords: aluminum droplet, curved surface, volume of fluid method, prediction model
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