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Viscosity characteristics of droplet deformation and

breakup under shock wave
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Abstract: In order to obtain the morphological feature images of different viscous drop-
lets deformed and broken in high-speed airflow, the influence of viscosity in the process of
deformation and fracture was quantitatively analyzed, and the high-speed camera direct
shooting method was used to study the droplet deformation and crushing process in the hori-
zontal shock tube. The characteristic parameters such as windward surface displacement,
lateral deformation width, and crushing time were measured. Results showed that when the
viscosity of the droplet was low, the shape of the trail formed by the tail of the droplet was
an elongated pointed cone. When the viscosity of the droplet was high, the shape of the trail

was corrugated, and the wake of the droplet was more complicated and disordered when the
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viscosity increased; the windward surface of the droplet was deformed and unstable under

the action of the wave, and the " spike" structure was developed; the viscosity of the liquid

hindered the deformation and fracture process; the lower viscosity of the drop led to the fas-

ter rate of development of Rayleigh-Taylor (RT) instability, and the number of " spikes"

increased first and then decreased with the increase of viscosity.
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Rayleigh-Taylor (RT) instability
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Deformation and breakup process of silicon oil droplets (d; =1. 34 mm,Ma=2. 04,y =0.02Pa + s)
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Table 2 Experimental data processing results

S G 5 Ma a/10" (m/s*) a’ T
SD-1 2. 04 17.58 0. 369 3.75
SD-2 2.04 13. 16 0. 329 2.95
SD-3 2.03 14. 32 0.372 2. 64
SD-4 2.04 15.92 0. 350 2.48
SD-5 2.03 14.79 0.414 2.31
SD-6 2.02 15.72 0.424 2.13

Lane, Wierzba % ) 52 50 & B W0 A2 T8
T i ok A L A ) B8 R ) B B AR 22 LL I JR) S
B B R AE P46 3 B i iR ol /N 8% .t T RT
ANFEE PR R G50 23 T H0 B 1) 9 B A L AR Sk
WO B R R 7 A2 RT R B0 M K 45 4 B BL it
S ) E R d/do- T A (A (o) ARk e
2k L5 B R [R) 2 P 1) YT A ) BE R S G
YIS [E R T BB R G R Z R R — BOF
2 X B AN [ 6 M B ) 38 1 38 X3 1
G 5t 20 B (1) i o 8 1 1 386 o A e O 3H AR 3 X
BORAT N LR b A K. R d./d,
114 J5e (L R 38 3] S K {E TG 2 49 B ] 5 Wierzba
SEUU S UG B MR A7 AE 25 5, Wierzba SE80 #E 4T
D Ma 15 1.3~ 1. 538 N H& A~ 1. 03 mm
TK YR T 1) 728 T B A oL R R B K 1) T E L
Bl R 2. 4~2.9, i 06 A 298 1. 0; AR 3¢ SD-
17K BAR S 1.1 mm, e KM ) 58 B do 3
FEl ol 5. 2~5. 5, JC & 49 B 8] 29 2K 3. 75, i i 41
Ma g 2. 04, FIt DL 52 56 B0 0 A7 75 76 57t

BT A - TG 1t 49 1 1] A8 4k O &R il 6 38 ]
DAL B L AN 1) 2 B I f & A= 6 1) 78 T 19 B[R] AN
[vi) o It 5 280 B 38 o, Y00 T U ke A R i) A T 1 B )
B XA T — A AR T R LR TR
18 725 TV B 15

3.5 i

AR S 3o R 23 B R g AR BLAS SO o o R A
Il 266 P 14 B9800 22 T e o AR R AT T SR A 5
X S G PG BE A A B A B T SEORS A A A [ b
YRR A2 T 0 1 T A AL 2 A 1 IR 1 3 R
T2 ¥ 0 e T3 FEE R A 1) 8 JEE L A BN A5 IR AT

1) 30 5 S5 6 AR A 11 52 36 TRl 40 224 908 114 3 2
BRI & 30 FE 758 T 80 1) 3 T R S A I ) 2R A
TE « 20T 10 6 BE B I R T R 2 B ok

Bt 6 52 114 22 9 3 K TR 1Y R B N A2 % HL
=il.

2) 3l 3 X R 43z 2 a0 A e BRI RO W0 4
TR BE Ry — A TEA] - d. /o 55 I0 R I 8] 9 40 3
WURLNE R R Z e A e — B R G B4 . H
A [5) Rb 1A VR 81) 32k 31X Al 1 TG 24 (1) i 26
JEE B3 I

3) atlaed 73 A R B R R X AR T R o R 1Y
SR o A PR ) 285 P T 1) A T e e R
A SEL A5 400 1 P 5 I 6 OF 1) ) 2 R o SRR 114 3600 XL T
B RETE5 M B RT At 1, Jf |
RT A Fa 5 Ph A J8 1oy 2 Bl 3 2 52 199 3 m i
B/

S 2% 3L :

[1] EYRE,PIE, THH, % mBHA R TR RENR

LT, Jy 2 #E 8 . 2009,39(6) :716-739.
WANG Zhenguo, LIANG Jianhan, DING Meng, et al. A
review on hypersonic airbreathing propulsion system[ ] ].
Advances in Mechanics, 2009, 39 (6): 716-739. (in Chi-
nese)

[2] LANE W. Shatter of drops in stream of air[ J]. Industrial
and Engineering Chemistry,1951,43(6):1312-1317.

[ 3] ENGEL O G. Fragmentation of water drops in the zone
behind an air shock[ ] ]. Journal of Research of the Nation-
al Bureau of Standards,1958,60(3):245-280.

[4] RANGER A A,NICHOLLS ] A. Aerodynamics shattering
of liquid drops[J]. AIAA Journal,1969,7(2):285-290.

[5] WIERZBA A, TAKAYAMA K. Experimental investiga-
tion of aero dynamic breakup of liquid drops[]]. AIAA
Journal,1988,26(11):1329-1335.

[ 6] HINZE J O. Fundamentals of the hydrodynamic mecha-
nism of splitting in dispersion processes[ J]. AIChE Jour-
nal,1955,1(3) :289-295.

[7] HSIANG L P,FAETH G. Near-limit drop deformation
and second ary breakup[J]. International Journal of Multi-
phase Flow,1992,18(5) :635-652.

[ 8] HSIANG L P,FAETH G. Drop properties after secondary
breakup[ ] ]. International Journal of Multiphase Flow,
1993,19(5).721-735.

[ 9] HSIANG L P,FAETH G. Drop deformation and breakup
due to shock wave and steady disturbances[ J]. Interna-
tional Journal of Multiphase Flow,1995,21(4) :545-560.

[10] JOSEPH D D,BELANGER J,BEAVERS G S. Breakup of
a liquid suddenly exposed to a high-speed airstream[ ] ]. In-
ternational Journal of Multiphase Flow, 1999, 25(6/7)
1263-1303.

[11] BEAVERS G S, JOSEPH D D, FUNADA T. Rayleigh-
Taylor instability of viscoelastic drops at high weber num-
bers[J]. Journal of Fluid Mechanics, 2002, 453 (6): 109-
132.



i LRI

THEOFANOUS T G, LI G J. On the physics of aero-
breakup[J]. Physics of Fluid,2008,20(5) ; 2599-2604,
THEOFANOUS T G. Aerobreakup of Newtonian and vis-
coelastic liquids[ J]. Annual Review of Fluid Mechanics,
2011,43:661-690.

THEOFANOUS T G,MITKIN V V,NG C L.et al. The
physics of aerobreakup: [I viscous liquids[ J]. Physics of
Fluid,2012,24(2):022104. 1-022104. 39.

PR, LI L R L YR AE A A 5 BT B i
R 5 [T, T+ 5 ) 22 41, 2011, 28(2) : 210-213.

LOU Jianfeng, HONG Tao,ZHU Jianshi. Numerical study

on shear ring breakup of liquid droplet in gas medium[]J].
Chinese Journal of Computational Mechanics,2011,28(2) :
210-213. (in Chinese)

YRR S AN S N (R A U AR 1 P
CJ]. #4575 2016,36 (1) :129-134.

WANG Chao, WU Yu,SHI Honghui, et al. Breakup process of
drop let under the impact of a shock wave[ J]. Explosion and
Shock Waves,2016,36(1):129-134. (in Chinese)
GUILDENBECHER D R, LOPEZ-RIVERA C, SOJKA P
E. Secondary atomization[ ] ]. Experiments in Fluids, 2009,
46:371-402.

(R FEHEK T





