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Dynamic analysis of oil droplet impacting normally onto a deep pool
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Abstract: To explore the impact characteristics of oil droplets impacting onto the oil film inside aero-engine
bearing chamber, a three-dimensional numerical model was established using VOF (volume of fluid)
method to predict the air/oil two-phase flow during the normal impact between oil droplet and deep
pool. The dynamic morphologies of splashing film and cavity, and the initial characteristics of secondary oil
droplets were analyzed. Subsequently the effects of droplet diameter and impact velocity were discussed in
detail. The results show that the splashing film produced by the impact eventually evolves into a crown

film, during which a large number of secondary droplets with different diameters are formed. An
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approximate hemispherical cavity is formed by the discharged oil in the pool, and the diameters of the
secondary droplets satisfy a log-normal probability density function. The crown height and the cavity depth
and diameter increase with the increasing droplet diameter and impact velocity. The diameter interval of
secondary droplet can become more dispersed with the increasing droplet diameter and the decreasing
impact velocity. Finally, the correctness and reliability of the model presented were validated by comparing
with relevant experimental data.

Keywords: oil droplet; deep pool; normal impact; crown film; bearing chamber
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Fig. 1  Computational domain and grid model in the numerical calculation
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Fig. 2 Definition of physical parameters in result analysis
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Fig. 3  Comparison of water film morphology between numerical calculation and test results
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Fig. 4 Comparison of secondary droplet diameter distribution between numerical calculation and test results
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Fig. 5 Film development process of oil droplet impacting normally onto a deep pool at impact velocity 5.0 m/s
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Fig. 6  Film development process of oil droplet impacting normally onto a deep pool at impact velocity 7.0 m/s
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Fig. 7 Histogram of secondary oil droplet diameter distribution and its probability density function
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Fig. 8 Scatter diagram of initial velocity distribution of secondary oil droplets

K9 25y 1 Ry 5.0 m/s A5 PF T I B AR SRR I B e v B R ELAR RS2 . AIRT 9 Ca) TR AT LA
A B R AR B 3G DR R i i e e B R O . ORI O B AR R A e B s R A OG L R AR
T A 15 3 5 18 e A 20 e DR S A Bl i O I 1k B e B e BhOE D B L AL BT 9 rh g R I
] ¢<<1.5 ms B e e B2 L-F A 52 il iR AR 52 0, 26 W1 R 98 il B 15 6 8 400 2 9 B b i 308 2 A% & 3ol I 114
2y 177 A= ) R T B 2 S AR /N o T e e R e s ) e DR e R % IR (] B I AR A R R, SR W
IR AR TR B S ot TR Y B g B

B9 Ca) Wk nT AFR Y o (] — 3 i AR o el bR 3ok 3ot e v i 5 il JR I 1) 56 484 K, 3 38 e O v 88 0 3
B /1N S AR A i R AT AR W £ 3R e R AT 2l R i R P 2 E A TR AR

I 9 (b) AT LUA H il e B 32 il EAR B AN W . SR el IR BRI 285 i A Al ik e v 31 i
F K A B AR 1] ey P TED B9 TR

P10 25 Hh 1 il 4 o 0f S AR et JE 3 e e B R AR S R . DATRT 10 Ca) HR AT LU Y e AR i R 21 B R
o B 2 T i O v R R S ) ORI 8 A 5 L o R A A S R AR it ) i A v L AR L 8 B e R



% 10 49 IHA . A RSB EREGZ N F SN 113

—
W

WSS BEH, frm
?fﬂﬁﬁ&l)u/mm
)

. 0 1 1 1 ]
24 0 6 12 18 24
t/ms t/ms
() YH¥RE ELAR T o e v BE A B Ml (b)) JHR ELAR X ¥ 7L LA AR R

B9 HMEEEMBERMERESEMERNZE

Fig. 9  Effects of oil droplet diameter on the crown height and diameter
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Fig. 10  Effects of impact velocity on the crown height and diameter
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Fig. 11  Effects of droplet diameter on the cavity height and diameter
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Fig. 12 Effects of impingement velocity on the cavity height and diameter
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Fig. 13  Effects of droplet diameter on the secondary droplet diameter distribution
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Fig. 14  Effects of impact velocity on the secondary droplet diameter distribution
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