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Deformation and fracture patterns of sub-millimeter droplets

under supersonic conditions

SHI Honghui'., SHI Shun', LIU Chen', LIU Jinhong®,
DONG Ruoling', YU Qiangqgiang’
(1. Faculty of Mechanical Engineering and Automation,
Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Institute of Fluid Physics,
China Academy of Engineering Physics, Mianyang Sichuan 621900, China)

Abstract; Based on the deformation behavior and mechanism of droplet deformation un-
der supersonic conditions, the-deformation and fracture process of sub-millimeter water
droplets (0.44—1.:09mm) under shock was observed in a horizontal shock tube. The shock
Mach number range was 1. 07— 2. 11. Using the schlieren method, in combination with the
high-resolution high-speed camera to record the deformation and fracture characteristics of
droplets under different crush modes, the droplet streak images of the bag-shaped crushing,
multi-modal crushing, shearing and explosive crushing modes were obtained. The droplet

pattern image was analyzed on the temporal and spatial relationship of the motion parameters
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of the droplet. The development law of the droplet deformation stage with different diame-

ters, the dimensionless lateral deformation width of the droplet and the dimensionless wind-

ward surface displacement of the droplet with the dimensionless time were obtained. And the

maximum dimensionless lateral deformation was obtained with different droplet breaking

modes when the initial diameter of the droplet was the same. As for the width changes, the

dimensionless transverse maximum deformation widths variation range of the bag-shaped,

multi-modal and shear crushing modes was 1. 15—1. 61, and the dimensionless maximum trans-

verse deformation widths variation range of the explosive crushing mode was 0. 21—0. 68,

Key words:

shock tube; sub-millimeter drop; high speed photography;

schlieren method; broken mode
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Schematic diagram of experimental device
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Table 1 Experimental parameters and working condition table

T dy, /mm V/(m/s) Ma 0./ (kg/m®) u,/(m/s) We

Bl 0. 67 372. 80 1. 07 1.32 4152 21

M1 0.72 380. 48 1.10 1.37 53.12 38

M2 0.88 380. 48 1. 10 1.37 53.12 46

M4 0. 74 380. 48 1.10 1. 37 53.12 39

M5 0. 81 380. 48 1. 10 1.37 53.12 43

S1 1.09 406. 80 1. 17 1.52 91..00 188
S2 0.68 403.51 1. 16 1.50 87.63 108
C1 0. 84 472.59 1. 36 1.91 180.73 720
C2 1.09 440.79 1.27 1.72 139.62 501
C3 0.68 507.68 1. 46 2.11 224.24 996
C4 0.70 507.68 1. 46 2.11 224.24 1022
C5 0.67 507.68 1. 46 2.11 224.24 971
C6 0. 88 507. 68 1. 46 2.11 224.24 1277
C7 0. 89 507.68 1. 46 2.11 224.24 1303
C8 0.72 464. 91 1. 34 1. 86 171. 68 543
C9 0.93 464.91 1. 34 1. 86 171.68 702
C10 0.70 572.37 1. 65 2.49 301. 82 2182
Cl11 0. 96 572.37 1. 65 2.49 301. 82 3000
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Fig. 3 Schematic diagram of the characteristics of droplet bag-shaped crushing
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