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Numerical Analysis of Milk Crown

IR
Nobuhiro OKADA

) %
WIS, FESEEICETTAREIC, ERIRICHKAENGB3BRETHD, TOELVWHRE
HRIE, BEOBEHEREERDDNST S XCEY), BOEBBICRETIRETH S, COBRREHE

RAENFTHBRTIERBOTHLL, G PSHEBELTHSNTE -, [BERBOBEEDH
1000 &6 H 578, RERBNIEETHZZ EPRERERTH S, HF, BEDEHKREEER L -EHE
MOEEMTE, Volume of Fluid EDRFEICELY, REHICEELA, LA L, REKRNEEZEEBL, SRR
ENFEEESHEICHHE T ERBERE L THETH D, ARETE, BEBTEMEZANTILGY
70 %ALE1 -2 ETBRTBZIEICHALBERERET 5,

Abstract

Milk crown is a phenomenon in which a droplet bounces up in a crown-like shape when it falls
into a liquid film. This beautiful fluid phenomenon occurs in a short time due to the balance between
the liquid’s inertial force and surface tension. Reproducing this phenomenon using computational
fluid dynamics (CFD) is extremely difficult and has long been a challenging task. Multiphase flow
analysis is difficult because the density difference between the gas and the liquid phases is ap-
proximately 1000 fold. In recent years, the development of the Volume of Fluid method, which
considers the free surface of a liquid, has improved the level of multiphase flow analysis. However,
it remains difficult to accurately calculate the behavior of the gas-liquid interface while consider-
ing the surface tension. In this paper, numerical analysis techniques were reported to represent a
milk crown on a computer.
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(a) CICSAM explicit method.

(b) CICSAM
Crank-Nicolson method.
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Crank-Nicolson method.
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Calculation results of the slotted circle (Cr=0.25)
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Distribution of VOF around the interface between the gas and liquid phase
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(c) Curvature

Interface
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(d) Interface tension (N/m®)
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Example of calculation results for interface tension
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FHEEIT o720 ZBEIRIIE B L 2 WA, S5cm S H
SO THEL328m/s THAH20, HURLAETHL L
EZONDH, WEOTLHFEETHEETHEEIL 29 ~
32m/s EHERI SN A 72, v —LIIEA LRI,
Imm ERE 2 25 ELEA LY, FRERDIZLDE
TAEOWEL 1mm L) bEi RoTnizeEz 615,

MO, FHDOINY 7T O L FERRED
AR FHEHRIE, A 0.5 OFER % 3 RITh
IFRLTbe BRI, HRER t ORBEE 2 D720,
Ml % 3.0, 1.5, 0.8, 0.6mm @ 4 /K#ETFT > 72, Cased 13,
PRI L DT A2 L2, T HE L v=2.9m/s,
L7,

9 TlE, WEANEIEIEZEL 2% Oms & L, Sms &
10ms ZOFEEHER LFHEHROB LA R, EFROT —
LADOFFUI 1T R TH Y, FUEBATOT — AR EUF 15 A
51T ARE—FHL TWB, EIEDIFEEFRERAEKIL 2T
TEIRE LT\ 5, FEEERIEMGEEASNRE I L CHEE LS
W72, HIEASEY 0.6mm @D Cased DFERAIT VIR
Thbo 127501, EEBOINZ 75 1% 5ms 25 10ms
W CHGERASE CREL TWA DS, Cased DMfEE
W E L T v, EEEE R R Case3 TlE, Sms A2 5
10ms (22 THMEEH2E o TBY, MfEm S 132
HREORBEPRKEC LR EINL, SHOFETIX
Case3 DYFBRAE R IHR D IT VG R & 72 57225, Case3 &
Cased DHF OGN LY FEEFERI—HTHLEZDH 2
bo ZDENZ, FEMIZRITALETIEH L)Y, EBED
SN 7Ty ERFAEBATIZE ) I RETH 5 Z & D5
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Experimental

10ms

5ms

Casel
t=3.0mm
v=3.2m/s
N

Case2
t=1.5mm
v=3.2m/s

Case3
t=0.8mm \
v=3.2m/s \

Case4
t=0.6mm
v=2.9m/s

X9

T 7T DEBIER EETRFERD LR

Comparison of the experimental results and numerical results

ENTz,

10 1%, Terzis? & DIRFRERIZ BT B FEEEDSAT
AR AT RE IR T WREE 2.0mm, T HE
X 426m/s, FLHHE X 728 x102N/m, RitEFR L 1.37
x103Pa-s, MEEAIL 0252mm, FREEI 1083kg/m’, We
1% 560 TH Do FHEMEMIZ, 15mm*15mmx*5.0mm Td
D, TR 37.5um T, 2000 75 2 v ¥ 2 OFEEIT-
726

B 10 225, WiEASREIC #2241 0.5ms FEE £ TIE, M
FIEOWE DR L, M LREPEL TV D, £DH%
Ims B2 F TICMFEO_FIGEBOREALHE L, ZEEHA M E
LC7—2%FHL TV, 1.5ms FBET, ZSEEERD I
P OEIROWHEADEEL, INT 7Y 2L TV 5,
23ms TlE, FHEMEEO Figl AT E L Tvb,

FEERPOHERTELT —20RBIT 25K THY,
Terzis? HDEBFERTOT — L DL 26 KTH D, I
727577 OFIRIL, Terzis DG L TWAEE L B —
H L7z

1113, EOWEME R A E L, 10 OIRFKIER
LRI We BRI L 72 R 2R 37 ¥ & VR IR] U fiE
L L, BHOFEEIL 7000kg/m®, FHAIHEIIE LON/m & L
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We 205 C 560 & 725 £ 912, % FHEIL 6.18m/s & L7z,

11225, We AR L THhIUX, 777> OIKITIR
FIRBE LW TH B EDTERTE D, 2751, e
FIEH L, BEOREWD, B 7 R IRE 0 3 S
RFEKRBER LD LHEAKEFR & o720 BHORENL, KE
TN CTEHMB AL, We ICTEIENL Z D%\, ZOWEA,
M ARLEEIZIRIIAED D B & E 2 5 2 DH, RKHGH
DD R 5 2 DGR AEEN D,

4. £&H

INT 7T LIS BRI & BRI IC XD T
HT2Zaxi@Mmlze DIy FUAFOEIVHOI
RaFHT L2012, L OFFEEBRAFEHRIA N E
WL L7z BONMENE, BAR 792 ZDMHIZE
BRI LT\, BRI BT A KB 7 0 & A DRl
EATIE, INT 7T DE)ITHERRFEEZT) 2 &1k
HEMIIATRRTH L7200, TELBEREZHMBLTEF NV
bL, BEMRETEREE CHEBRLILEN DL, ZOFE
GHEERBD LI LT, 7O AOKREEFIRTEXL 2
EDBAEEITOBERETH L L bl s,

B A& # gk B W E4a265  (2025)
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10 REFEBRDINT I T DERER
Calculation results of milk crown for the urea-water solution

0.5ms 1.0ms 1.5mg -

Tine = 5.000131e-04 Tine = 1,000009-03 Tine = 1.500017e-03

11 BROINTITIDEEFER
Calculation results of milk crown for molten steel

H A& # 8% ¥ M #4265 (2025) — 104 —
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