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Ligament formation and droplet breakup on disk-type and cup-type rotary atomizers
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Abstract

Behaviors of liquid films scattering from a disk-type or cup-type rotary atomizer are studied using computations based
on the three-dimensional Smoothed Particle Hydrodynamics (SPH) method. To reduce computational costs while
maintaining a high spatial resolution, the computational domain is limited to a fan-shaped region near the edge of the
atomizers using a periodic boundary condition in the circumferential direction. Steady inflow is considered as the inlet
condition. In both disk- and cup-type cases, the liquid film leaving the atomizer edge becomes wavy in the circumferential
direction and forms elongated ligaments, which break up into droplets. When the atomizer is equipped with grooves on
its outer edge, the process of ligament formation and droplet break up is strongly affected by the number and shape of
the grooves, particularly for the cup-type atomizer, in which the centrifugal force works more effectively. Two ligament
formation patterns are observed: one ligament from each groove and a pairing of ligaments from two neighboring grooves.
Droplets of uniform sizes are likely to be generated when the former pattern appears. The results suggest that droplets of

uniform sizes can be obtained by choosing the appropriate shape and number of grooves.
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Fig. 1 Flow chart of computation.
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Fig. 2 Computational domains for disk and cup atomizers.
hatched regions near the edge of atomizers, r& [34.5, 54.5] and z€ [-1, 1.7].

Table 1

(b) cross-sectional view

Computations are limited within the fan-shaped

Computational conditions.

Working fluid
Kinematic viscosity, v =u/p

Surface tension coefficient,

Water (20°C)
1.0 x 1074 m?/s
72.75 x 103N/m

Number of revolution, 60w /271 5,000rpm

Inflow volume, Q 300ml/min
z-direction liquid film thickness at the inlet, 6 | 20.0um (disk) / 21.2um (cup)
Particle diameter, h Sum

FEhk % % T & 72 5 Ligament formation mode ¢
POREFEHANTRE D U RIZ
FERIZL DL, HRIT bAoA P =i

Direct drop formation mode

6Dp\ [ uD g\
0<12(52) (%) (G)

IO EDD, ISIITHENHA S, WEZ D O MG
ZHR~2249 % Sheet formation mode & #EFf3 5. Frost (Frost, 1981) @
Bl 28E— NOERGEIZ

(N
Ligament formation mode
6Dp uD u 0.63
4 ==
o-0ue(F2)" () (ae) ®
Sheet formation mode
6Dp uD u 0.84
1 =
0<3(F2)" () (a) <9>

Lo TWB. AFHREMZHWTHE— FOLELDEMRREOMHE LT S &, TNLN 26 ml/min, 192 ml/min,
374 ml/min & 725, ARFHHETIX Q=300ml/min & UL TW2 DT, Ligament formation mode & Sheet formation mode
D2OVECBHMZZL TS, Lzd>T, AGHRIEINSOME— FOWRIET BB 05 2 L P4l
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(a) Ngiy = 60 (b) Ngiy = 180

Fig. 3  Comparison of water scattering behaviors at t = 12ms for Ngy = (a) 60 and (b) 180. In narrow domains,
degree of freedom in the selection of number of ligaments is suppressed because of periodic boundary
condition.
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Fig. 4  Time-averaged number of ligaments Njj; versus domain-division number Ngyy. The error bars denote
standard deviations. Dispersion of ligament numbers is reduced in a wide domain of small division number.

Table 2 Ratio of circumferential domain length at disk edge and mean pitch of ligaments.
40 60 80 100 120 140 160 180

9.143 6.277 4.615 3.998 3.282 2551 3.000 2.152
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7 YAV —TIRIRAEOE B ERKRE D 5728, # LT I E S 3 2 JEIRER 22 212 AR5 & IR E Tl
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St T B IARIENTE & A7 U TEDLEMEIZDWTIN, ETINICE S Nl R S IR EREERFE R & &
{—#95Z %R, Ligament formation mode \Z 3 I} % i 4 B IS O Z @B HERIC/ED T 2 2 48H L
TWb. TZTAIFETI, 7~ —DEEIC LD FHHAKORNOMEIHZ R L RN & U,
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Fig. 5 Schematic views of rotary atomizers with grooves of Ngry = 300.
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DOAENL, FHHEEHZZRS 3ms 25 15ms £ TOM 0.015 ms (1/800 [H#E) B EIZFDAEEH VY MU TEHT
5ZETHHL, TOMIZHEREZRL CRMICBELEER->TWS, Mo —N—JEHFE2EL
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Z X Ngiy = 180 D54, FHEFIRNOBAARLIL 2 AT —E L R HRMPE ST 3 AR SN 2EETH -7
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i, FIAERER O A G RFHRE IR DO K & X L EBARMEOIEZ R L TWD. SEIEDEZ 212210 TZ DMEIZ/N
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TRYAYF =Ly THT b AP — 2R 2 ERK 7 OBDY, ThTh 173,284 i & 183,788 fi & 72 5.
X512, 7 YA Y= E A —E DR THEE 5 DRI 72548 0K FORE 2R3, fkfa ik
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Fig. 6 Water scattering behaviors at = 12 ms for rotary cup atomizer. Droplets are generated at tips of radially
elongated ligaments as well as disk atomizer.
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Fig. 7 Radial variations of liquid film thickness over smooth disk and cup atomizers, Ngry = 0. Solid and dashed
lines indicate the theoretical value. Liquid pool near the edge is the pinning effect deriving from wetting.
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Fig. 8  Probability functions of droplet diameters for smooth disk and cup atomizers, Ny = 0. Dispersions of
droplet sizes are reduced in cup atomizer.
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(2) Nery = 180 (b) Nery = 600

Fig. 9  Closeup view around the edge of grooved disks of groove numbers Ny = (a) 180 and (b) 600 cases at t =
12ms (w = 147 um, d = 50 um). Yellow triangles show the groove locations. Red circle indicates where
pairing of ligaments from two neighboring grooves is observed.
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Fig. 10  Probability functions of droplet diameters for smooth disk and grooved disks of groove numbers Ny =
180 and 600 cases (w = 147 um, d = 50 um).
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(@) w=110 um (b) w =220 um

Fig. 11  Closeup view around the edge of grooved disks of w = (a) 110 and (b) 220 um cases at t = 12 ms (d = 50
um). More pairings of neighboring ligaments are observed in narrower groove width case.
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Fig. 12 Probability functions of droplet diameters for grooved disks of w = 110, 147, 220 um and smooth disk (d
=50 um). Relatively large droplets are generated from the disk of narrow groove width, w = 110 um.

Table 3 Comparison of statistical properties of droplets for rotary disk atomizers with different groove shapes of Ngry = 600.

Rotary disk atomizer Pairing ratio | Mean diameter [um]
Smooth disk NA (377) 143.7

110 240/386 143.9
Groove depth, w [um] (d = 50y m) 147 60/552 130.3

220 120/480 133.9

25 -/381 143.4
Groove width, d [um] (w = 147um) | 50 60/552 130.3

75 0/600 129.1
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(a)d =25 um (b)d =75 um

Fig. 13  Closeup views around the edges of grooved disks of d = (a) 25 and (b) 75 um cases at t = 12 ms (w = 147
um). The shallow grooves show almost no influence on ligament formation.
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Fig. 14  Probability functions of droplet diameters for grooved disks of groove depths d = 25, 50, 75 um and
smooth disk (w = 147 um). Droplets of uniform size are likely to be generated for deep grooves.
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Fig. 15  Probability functions of droplet diameters for grooved cups of, Ngy = 180, 600 and smooth cup (w = 147
um, d =50 um). Size distribution of droplets varies with groove numbers. Cup type produces droplets of
more uniform sizes.

HAIZEX 300 um T—E&L U, AAADOIEw LHES d 22X CHRIEOTREEE NN T 2 BIIROE % T,
X 16, 17 1%, #lEw % 110 um, 14 7um, 220 um &2 X 7= & ED Iy FUEGTE O RERN O T L KR4 T
H5. MO T b <A Y —TIREEDOHHILEFE A RIZ & T 72 ORI B L2 Z T 720, ZOEBOHy 7
BMOT <A F—IZBWTIEE DWEIETHRRITFE T2 S BAIMICER I, X7 v J3BgEI nNgehr o
T2 WIEORZENAZEL THERIZ X 2EWEDRL, EHEROMED, AHEIE 110, 147, 220 um (2 LT
122.1, 1253, 1242 um EAELZITR SN2V, ZUE, By THEE EZ2 RN DB U028 < 72
&, MBI HAREIZRAEPMZA LR T L, HEOMENRL Rolzlzd e EZO6NS. FAKOKRIE Ogasawara &
(Ogasawara et al., 2010) DEBRTHHESINLT WS,

Wz, EORAMEE w=147 um [Z[EE LU CTHES d 2B A -5EOBIRRNOK T2 1812, TDYX ZDH
HORBZENSMAEK 19IZRYT. ZZTHHEHOMEZ LNV X T T L5720, WRK T2 LEPRTERRALTNVWS.
25 um WS, WEIZH v TONEERE S Udd S il 2R A - THA, BORIEHE & I3IEIZHERE
RN ETEBRINT W, BEET 21 S UZBEREAR L THRAZER T 27V V7HRIEA S 1
Bhotz. O EWRINBARDAEIL 429 KT, AL VWEED 3T ALY EWAT-HDDFHEDED 600
RKEDEDLRL, WOMENPTDIZ/BONTOVRNWZ &3NS, ZHUIX LT, #HH4 50, 75um EES BB L
BWRAT 2D 2, TIPS RBUERELZO X THWAZIERT 2REVEEINZ. 202 A
WA D S ER I N, BADOABUIIEDE L EL W 600 AL ol KEMICE) 2RO TFIERE, HH
HLRBIZONTHEMLELDEED 136.1 um A5 131.0, 125.3, 119.7 um EREIZNS L otz. TITHEHITA
X%, S0 um L EDFEWVIETIXBHEORBEI A DIES D EDNIMA SN TRENELL DLGED 2.21 125 LT 6.52,
6.66 LANERKEL ERHL, REIDZA 5P ERINP T RoTNWEILTHS.

J1v TR b A F— OUEIC—E DRI T 600 KDz T 2560, MOR L ERE N2 EHOMRE
RKAIZELDHD., RS d=25um OHE, BRIFEOME & HERICEERI N, X7V v IOHEITARIEET
Hotz. MKEOT b4 F—DGE LR, BOMEBRIRIC & > TEBRI N DBHOR N IT R,
Y2 BINT 5 Z L THRADZF A > NG L ZEDNARETH 5. Bizhy THOT b~ A ¥ —Tl, WEE
2o TR DRI U T OO PMERT 2720, BEPEICEALP T SHRE L D B EOEIRL TS
(B TACY



(@) w=110 um (b) w =220 um

Fig. 16 Closeup view around the edge of grooved cups for w = (a) 110 and (b) 220 pum cases at t = 12 ms (d = 50
um). Ligaments are regularly formed at the grooves, irrespective of groove widths.
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Fig. 17  Probability functions of droplet diameters for grooved cups of w = 110, 147, 220 um and smooth cup (d =
50 pm). No remarkable differences are found depending on groove widths.

Table 4 Comparison of statistical properties of droplets for rotary cup atomizers with different groove shapes of Ngry = 600.

Rotary cup atomizer Pairing ratio | Mean diameter [um]
Smooth disk NA (371) 136.1

110 0/600 122.1
Groove depth, w [um] (d = 50um) 147 0/600 125.3

220 0/600 124.2

25 -/429 131.0
Groove width, d [um] (w = 147um) | 50 0/600 125.3

75 0/600 119.7
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(@)d=25um (b)d =50 um ©d=75um

Fig. 18  Closeup view around the edge of grooved cups of depths d = (a) 25, (b) 50 and (c) 75 um cases atf = 12 ms
(w =147 um). Liquid particles are displayed translucently to make groove locations visible. Ligaments
are generated regardless of the groove locations when the grooves are shallow. Paring of neighboring
ligaments cannot be observed.
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Fig. 19  Probability functions of droplet diameters for grooved cups of d = 25, 50, 75 um and smooth cup (w =
147 um). Size dispersions of droplets are smaller for deeper grooves.
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