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This study numerically investigates the spreading and retracting dynamics of Janus drops on the inner surfaces of cylinders
using the Volume of Fluid method. The results indicate that increasing surface curvature enhances spreading in the axial
direction and promotes the detachment of the low-viscosity water component, particularly under conditions of high viscosity
ratio and Weber number. A regime map is constructed to identify the critical conditions for separation, revealing that
surfaces with intermediate curvature exhibit higher separation efficiency compared to those with high curvature. The
temporal evolution of axial momenta in the x and z directions highlights the role of viscosity contrast in inducing asymmetric
deformation. A scaling law for residence time is proposed as a function of Weber number, which aligns well with simulation
results in the high Weber number regime. These findings provide fundamental insights for optimizing surface curvature and
fluid composition to enhance drop separation and may benefit applications such as selective liquid extraction, surface
cleaning, and microfluidic manipulation.
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Fig. 1 Janus drop impact on cylindrical surfaces with a normalized
diameter of d/D,. Janus drops contain W (Water) and G
(Glycerin-water mixture) parts, patched with the impact
velocity of Vjand outer diameter of D, in the domain
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Table 1 Material properties of W- and G-parts

Component Liquid [ kg?m ] [P;‘ ’ [N(/Tm] Visz(t):i/tz‘f)at[i-(] () [0_?
w Water 998.2 0.001 0.072 - 0.003
Glycerin/water (75 wt %) 1185 0.0339 0.064 33.9 (ay) 0.098
G Glycerin/water (80 wt %) 1200 0.0549 0.064 54.9 (o) 0.16
Glycerin/water (85 wt %) 1210 0.0977 0.064 97.7 (a3) 0.28
Glycerin/water (90 wt %) 1235 0.236 0.064 236 (o) 0.67
9 g WAL et ol AAE] Akt dole] 4 e
At

Z(0)+V-(ph)=0 (M
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Fig. 2 Model validation. Comparison of the
retraction dynamics of a single-phase water drop obtained
from (a) experiments (side- and top-views) and (b) current
model, reprinted [14]; licensed under a Creative Commons
Attribution (CC BY) license (Adapted from Ref. 14 on the
basis of OA)
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Fig. 3 Effect of the surface curvature on the spreading and retracting behavior. (a-d) Dynamic behavior of Janus drops (D=2 mm) on flat, d,
dy, and d, surfaces at We,, = 50 and a = a3, respectively, and (e) Regime map for the threshold of separation as a function of We,, and
Dy/d under the viscosity ratio of a4. Rectangle and triangle symbols in (e) represent W part’s non-separation and separation (open
triangle: Q < 0.5; filled triangle: Q > 0.5) cases from mother drops, respectively

W A Redsi, 53] 3 Al A8 s & WE SEO A 50 oA st W AR oF & Hell

N AY 57 20 W WY vhE S4o) AREAL. A £l AFo] $EEAY] HEolth d BHeAE 7 58

ol T3l & Aol AdE A mEo] A FE AN oA BEE R AN ol Q> 0.5)9] FEjaEe WA o
oo R WAL 5 9SS SRl 4+ it ok AT H o R e BelaaS AYCkQ = 027).

Fig. 3(e)i= OB o169 3% A] B Zgo u}2 oz o|

w2 e f%t dARUE Weber 2of E271](Dyd)ol w2t

3. Results and Discussions ZARE Axboltt. oA AR 7|57 W ARo] mA R

Re BeEA] ok A9, A2 7|50k BelE 49s vehy

EH FE0| opr el B 9 5& AT vl o o], oy W HZWe 2 Hlg Q<05 YPI AzFe

TS ot 7] {ste], 3 HIL Dyd7t 242 1/8, 1/6, 172 Q> 055 oujsich. 239 YAAL Edlo] Bl P oie

ol EHlo|A g AES ZABIC Figs 3@3(E 271 4 o3 S 9k B 208 4T 5 k. dE S, Dy

40 BUT oprs ofsjol A2 G REL 2 R0l TE 2 16 L W, > 50 01 SRt el e

Sh= 54 71Ee ARt weh ERE oot s Aol A o, W= Dyd < 172 9 We, < 30 oJstoA= 72 Z2|7}

<
We,= 503 o= TR o714 FEo] A4S o) pEEA gtk YRR Dyd D We st BE 7SS,
o 58 ughqol AXT Hel Zhsol RolWS oSkt &

FHH wHo M= W B G 429 Y B 5 Y Zol7t o] F3lsH| S7IeE HoiEt. ol FE0l 25 31 o
UEREAIRE W 22 i3 Ao R eSahiA 22l FHFo R o] ofsA|aL, YFYRF] =0l s A
WA SATH(Fig. 3(a), 5.0 ms). Eo] Skl w2t A ok 2z et o] Ak A4 € fEshaA € o, &
= AR WS SN v S e R "s W HEY 27| LEFEE ST ofBA 2Edor skeAE
TR HAl= diol WEE Y. e HYFe R Hy TFAH R AASE. T FE(d do) EHOA = A
o] ZeFE AL, dy EHOME= W AR 22 A7l YEhtr] For 2 Fujo] 4z mHo] WYs] fEoM Z FE(d)
AZHSFATHQ = 0.64). HF dg 22 FHT o)A 7 FH} vlaste] FEjago] w4 AS5E A
iP°l7P A AL W HE2 5NN 2 A4 o A OFFL oA o] AEZt H=net 171 wWd=ol A9 =
o] WAL, webA 3 HE(dy) EH o] 7]kt H] 750l Al 9FE S5 A LS EH 5E =39
A A M2 Zerh 3A vehd Aoz Hlnh. 71 A Az o] Felf WSS Fig. 4o UERIH. o]& Fdl H=H|

2 HB A b IHIE ol AT Aol Jdk @ U et ola1o] Mg Felsio] ol IR oIS
Hol, W Atto] G 4eoiel wele BAol FHSA B HHALE Aok & ek, e @)l . W G 4
AT Fig 3(0). olE FBo] B4% FRSl F WA AF 7] A% Aot Hol £ 4ol AT DRI ol
Wepozol wAo] HA MO Qofibi, o] F & Wkl & o] ulwa] ool Fe) $ASIUTHFig ), 1.0 ms). S



o
Hl
0z
e
oF
o
foir
>
=
N
N
H
=
(o]
fo

August 2025/ 669

e & & &,

1.0 (ms)
(a)
1.0 (ms) 3.0 5.0 7.0

©

@“(c‘?

Q 0.30)
1.0 (ms)
(Q=0.29)
1.0 (ms) ; ; 7.0

(d

Fig. 4 Effect of the viscosity ratio and impact velocity on the spreading and retracting behavior. (a) and (b) Dynamic behavior of drops with

a = a; and ay, respectively, under We,, = 44 and d/D, =

under We,, = 57 and d/D, = 2.0
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Fig. 5 Temporally resolved axial momenta for different viscosity ratios. (a) and (b) Axial momenta (p) in the x and z directions for W (top) and
G parts (bottom), obtained at o = a; and ay, respectively (We,, = 44). Illustrations of the insets of (a) and (b) indicate the top-view
snapshots captured at distinct times. The inset of (b) represents the ratio of the maximal momenta between the x and z directions, as a
function of the viscosity ratio for several cylinder’s diameters, including d/D, = 2.0 (green), 4.0 (pink), 6.0 (blue), and infinity (black),

under We,, = 44
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Fig. 6 Comparison of the temporal evolution of the spreading drop
into liquid elongation on z direction. (a) Top-view snapshots
of Janus (left) and single-phase water (right and top) and
single-phase mixture (right and bottom) over time at a = o
and (b) Temporal variation of the z-length from the impact
point for water (up) and mixture (down) under We,, = 50 and
d/Dy=2.0
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Fig. 7 Water part’s residence time as a function of We,, for different
viscosity ratios at d/Dy, = 2.0. Illustrations of the insets
indicate the characteristics of retracting shown with
snapshots for two We,, regimes
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