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Formation Process of Sheet and Ligament by Impinging Jets
(Effect of Corrugated Liquid Jets)
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A formation process of a sheet and ligaments produced by impingements of corrugated jets are
investigated by an experimental visualization and a numerical analysis. Clear images taken by a
high-speed video camera reveal that the liquid sheet oscillates driven by the impingement of
corrugated liquid jets, even when the Weber number is enough small and the interactions between
liquid and gas are negligible. It is also clarified that ligaments are created close to the impingement
point, and the outer shape of the spray is constructed by fragmented drops from the ligaments.
Corresponding numerical analyses elucidate that the periodical deformation of liquid jets enhances
not only the oscillation of the sheet but also the production of ligaments. Therefore, corrugations of jets

are shown to be an important factor for the phenomena in impinging atomization.
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Fig.2 Ciosé-uﬁ view near the impingement point

Table 1 Physical properties of working fluids'"
fluid density viscosity surface tension
plkg/m®]  u[Pa-s] o [mN/m]
air 1.2 1.8x107°
72.4+0.4
water 1000 1.0x107
Table 2 Injection conditions
v, [m/s] We Re" Fr™
1.9 50 1900 370
3.8 200 3800 1500
6.0 500 6000 3700
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Table 3 Physical properties in Eq.(10)

Physical properties X
p Density p
C,  Specific heat at constant p pC,
C,  Sound velocity (pCH!
B Volume expansion coefficient B
u Coefficient of viscosity u
A Thermal conductivity A
s (a-v)Hs = 0 )

o
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MRS T T, KORmEIENT VYV Te DFITHY,
hEn(6)-8)TEEND.

Il = —pI+Tv+T0' (6)
Tv = A(V-i)l+ u(Vii + Vi) (7
To = o6s(1-risiis) ®)
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H;= 0 (on liquid/gas interface)
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Table 4 Physical properties

. P H o
Fluid [kg/m’] [Pa-s] [mN/m]
Water/Glycerin 1140 8.33x107
273
Dow Corning 200 970 4.85x10°

Table 5 Dimensionless parameters

Re piV.Dly; 35
Fr V. (0i/gDAp)™ 0.21
We pV:Dlo 0.26
density ratio pil Po 1.2
viscosity ratio il 1, 1.7

40points E‘é)ggémi
(0.022m) 022m
v i

10D 196points
’ (0.1m)

Fig.3 Analysis Model!®!?

) 6=200 ¢ =240 ¢ =280 =320

P .
e
A

B =0 da =40 ¢=80 =120 = IGUQ’; ’UUQ’J—HU(’; ’506 =320

i

Fig.5 Phase-locked flow images on cross sections
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Fig.12 Ligaments formation process at We;=500 (y-z plane)
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Time series of sheet motion driven by impingement of corrugated jets in z-x plane (We=50)

Fig.13 Elongation direction of
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Fig.14 Time integrated view (black) overlapped with
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Fig.17 Three-type of liquid jet corrugation

= a)@@-})
= =jo[==)
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