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Proposal of numerical simulation for film formation in spray painting

Saito, Yasuhiro
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Volume of Fluid simple-CLSVOF
VOF

To investigate behaviors of attachment phenomenon of paint droplets around a
target for automotive spray painting, numerical simulations with Volume of Fluid method were
conducted. We developed our existing simulation code, and simple-CLSVOF method was introduced.
Furthermore, an interpolation of viscosity in VOF simulation was optimized. In the numerical
simulations, a single droplet was impacted at a fixed wall, and the numerical results correspond to
previous experimental ones. When two droplets were impacted at a wall, the liquid was floated at the
impacted point of liquid films, and the height of the floated liquid was varied depending on the
distance between the droplets. Moreover, we developed our code to take account of the effect of
electric field, and the numerical results showed that the shape of a falling droplet was changed by
the effect of electric field.

VOF



¥ X C—19, F—-19—1, Z—19, CK—19 (F®)

1. HWFZERRMA LD 5
H B BOBE I S O LB 72 & OfkhE

NS5 72O IZ FE RN 22 o 7= B B 21T
STEBY, TORNTHLEALKREHT-
DOARBEE (P s FRYBE- 707
%45) [Honda 7R — A~ 3— DNFEBIC R S KX
Kb LT-D, WBEHEBEREZHMT S92 TH
B IIEF IS E . AT, EEEER
VA TIEFEEREE SRV SN, LIRS

N5 KO TS S 7R IR BN BRSO EL T,

7R, B OREEZ T CBET HIEFIC
BHERBRTHD. D=9, Imetal. [Journal
of Fluids Engineering, 200413 AR &3 7 1 & A
VA1 EEE O Near field, Rk L 7= ik
T 235 X415 Transport field, & 23§75
W (2 —75 > N ICfE (B%) 35 Target field
D 3 DT TEZ. ZHETOWRIX
Transport field 7> 5 Target field ¥ TERHRE L
T BAEFRNT 732 < AT04L, Target field % x5
LGB ITITBEXRMICE B LI ERE X
OB RENT 23Tk, Target field (2351 5K
HOWE 7 vt 2T 2 BEHHROMIX

1FE A EITOI TV,
ZER BLA . WEER
DMRATF ,‘Eo':.l'.*ﬁ?@ .
R

o o.

R | 2l
N L,jj\\ j’ ﬁﬁ'@@ 'EE‘. .E
YT akmm 1

X1 \EE~L Y FIERREE ) OH%

2. WEOHBY

HENELH TR X7 ATBWTBRER)
RICHEBR T 2BE 70 RAIZHFER L, K
TR EAREE A AT 2SR 2 x5 L Lzl
Nt FEhE L, 7 at AOB S % i
5. WS A =7y MO ST D38 A
T 5720, TIE TOHFIE TR > T& 72 VOF
BT FEE S BICEEAT HZ & T, KK
DOREE72DEHBEHRDPRKELS LT H5%
KL LTSI T ATRE R FEE 1S 5.
Fio, WROX =7y MM ET HEHR A2
EL, Hmmdb L R e xsg e L
TWET O AT L, KEREEZ R
S TR DS E R RE~TE 22 U 72 BRI, Wi FF
OGN R T B LT 5. Fiz,
B DR B L U2 L, BN
R OE 2 T B RGT 5.

3. W0k
(1) BEFEY I a2 b —va U FEOEEL
TERAT > T & 7= Volume of Fluid %% v 7=
EATIZERW T, AEZEOMELEHT 5
1213 smoothed VOF function % H 7= f#dT 21T
ST&EZ., ZOFET, LB BERRIIK
EL B LAWGEIZIZAETH DD, Wi

DOEZER ERE BARRENZELT HRITIT
FENTHEFE\ SRR IR D . & 2 CARIFIETIL,
Level-Set{&E L DA~ 7V > 7 %4T 5 CLSVOF
HIZEH L, & 512 Level-Set IE&21ERHT 5 5
2 CHIE & 72 2 S O S LB 2 1T D72\
simple-CLSVOF JEDE A % fRitd 5.

(2) ki o [ ABE ~ o fEjZe

Target field (Z35\F 2 W&+ 2 4878 L 7= fig
Bre LT, B % B IREE S8 2 S 7.
B ARBE I — O A BliE L, EEAEE
Bl ST, 7ok, WEIMHEZE S5 BICIT,
BEFE OHFZE[Sikalo et al., Exp. Therm. Fluid Sci.
(2002)1% ZE R DK & SOWPEAE 7R £ %
RE LT, W SBER B 224 DB, Rk &
DRI TTRINCIEN D L EZ 2 bND T2,
KABER LM A2 A, BEEAEEEEE L
BaiE 14 sk A T REI S L, K9 200
118 > &5 R RS -1 L 0 FRAT RE IR 2 45 U 7.
LA B 2 2 SE AT, 12 fEE A K
600 5 fE ORI o X v B L. i
DEFD % 245mm & L, WKROWIEIZIZS
UVt LKDOBEBEMEIE L= YEZ 5
Z, [AEOYMEIITKAEEBE L E %
H.x2 7. BERBEIIEGEBRIET T T A iR EE
EL, A E 0 —EL Lz, HEAEE
LS AEIIE, BEEIZEEF R & KE
R EDOAREE A 4.1 m/s T—E & LT 30,
60 & 5L 90 FEIZFRE L7z,

(3) 2 DO O [E ARE~DE 2

EEEOBRET vt 2T, EEOWKTEHE
IRBEIZAT G5 . BE DRI % [E A BE ~TE 22
SR, IREOR R X
DOFELITRR D ENTHREND. £ 2T,
BEOWER & LT 2 SOURIE % [ (A8 ~fE 2
ST BRITTE AR S D R DO TR % 54l L 7=
KIFREE RS2 AN D 2 & T 12 FE 2 T
fEI L L, 9 700 F{EOZEMRRES 2 XD 5y
BlIL/7-., WO KE S % ERofir LR T
245mm & L, 2 DO OM OBl L % 1.2D,
1.6D HH\WNE2.0D & L7z, 2 oDiEIT & b
\Z [EARBE I FRE T 4.1 m/s CEZES -

(4) BLORELERE LIk EE

B OB B LT T 21T 5 72,
e DI L U Navier-Stokes 7 F = BT D14
FREME, ERIEE LCNS RUTH A Te.
BT X > TEM 2R ORI E < 771X

F =qE
TEIN, &S EIRTIORTRERT v
YL VOREMS ZLICEVEFE L.
V- (g&E)=q
E=-VV

T q I LA O SR L LTk bk
7.

dc
Fr + V- (=DVc+uC — zu,,FcVV) =0

B 2.75 mm OEHE— D% iRiHO Lo S



BA10mm &725 L HICERE L, TEHMIC I
m/s T TS, BRAEB LGB EEL
TR E OfENT 2 bl U7z, SIFRBE R SR %
WD 2 & T /458 % f@ar il & L, £ 1600
FEOEMEE IV HEI L. B, &
BEBELRWESICBOW RO E SIZ X
o THNTRE RN R/ D Z L 2 HER L T 5.

4. WFFERR

(1) BEfEY S 2 b—y a U FiEoEEL

WEHAT - T & 72 Volume of Fluid 5% AV 72
fERTIC IV T, HHEFREOMELZ T 55
I1Z1% smoothed VOF function & AV 7= FiE % H
WTCEZ L Laens, DHEEIHAEIC
TEY ERBEICHEEZEHTINERD H.
% Z CAHFFETIE, simple-CLSVOF 5% 38 A
L, fEkiEE Dtz To7-. MWE)) T CiF
WE3 2% H—508 & REGUATIRIT 21T - T2 BRI,
s-CLSVOF 3% level set A E AT S
Z Lz K o THRmIR & i SR R RE T
HHZ EERRLT.

F7o, YPNIEE L TR o 7228, VOF
IEfENTTIE, VOF Bz L C—iikET v
DWYPEAE % HEFL 3 25 BRI R - 70 & Dy
(LB & o TREVTRE RN R D 2 & R
Shic. —RIZ, YHEEOHERIZE3 5 %
ZHEE T DBRICITENES SV TW D
25, REEEICBI L CIIZ ot R GBI — S
TRV, Z ZCRBIZETIE, IRIRDREE

DOEEY), AR OB S TR & 7
B8ORS FE T 5055, BT L FEFn
BT Ly K95 HER X ORISR TR E
5 kG O BN & Bk O R &
T Ly RT3 HEICE 0SS T TR R
(X 2)Z bl U, AP CHRE LIz BN B
X O@EUICERBERETHDL I LERLT.

2 2 K5 EE OMIVEHER TR DS BRI G SR KT
R (fo b)) R ORI, (f &) Bk
OFFIVLL; (7 F) RS O T2 & AN
B, (6T #BLFA

(2) Bk o B REE A~ i 22

B — I % TR S TE 22 S B 72 B O i
DFE OB RKEORIFEL &K 3 1R T. K
M ORE & & b ITHEDTERIZAE > TRIED
BN L, SRR E TR LRI
AR L, &SI L7-. B 325 iE %
BICEBLTREY, REFTNZETHDZ
LERLTE.

X BHIZ, OB RGHE %2 —E & L%
AE IS ETGE, BERAENNSLR
HE, OFV, BEIMOBERDOKE S

BINE L, AKEFROBER TN RKEWIGE,
RIS KL T AN B D> CTINM o 72, F72,
B2 X DRI D FE IR 0 2N T,
TEZZRE D A TF 0 O K0 RIS A D -
TR ENT. DD, WHEROIRNY
Zxt LT, EZERIH CIIdiZemie o K7 m o
OB/ N, —ERFFRIE % TIIE
ZERF DT DIEEDRBEN K E N &R
R E e

z/D[-]

Exp. ©
Calc.

0001 001 0.l I 10 100
WD -]
4 3 FEBRAG R & ARATRS SR D ELig

(3) 2 DO O [ ARBE~DTE S

X 412 2 DO OEEm~DEZEZ LV
B S VTR IR 2 g, BE A~ O T 22 1% (i
DIRNY, WWER L EETHZ S LYK
DR U7, WTER OB A NS S5 &,
— DD DTERL LT RIS RS - T RBET
ENENDWREIE IR T B2 L2 0,
BZEH I BT AR OEE /NS W2 2R
R CHRE LTZIROBRND 2L 5. KRk
DIEREN VAT, 13905t L i L
T, BEE L7 y Frncfiycng. =
X, BIENEF OB ENKE WD THY,
BRI L > CGEHO HFRREfesgoniz &
EZLH. INOHDOT LD, HiER ORI
LoTHEENRERHZ LA RLTZ.

X 4 2 S DTSR O 28, (42) L=1.2D,
(P9 1.6D, (47) 2.2D.

(4) BLOREEEE LIk EE

W 2 FRAT R O B b TE AT 1
m/s T F S8, EHRZEE LARWEE L BE
L= B O R 2K 5 (2T, ERE%
BLARWGAORITHERICERT S L, K
DHETT 92 DITFE - TR D IBIR N E L T
WA ZENDMND. UL, EENEROE
ZEBLTWAEOTHY, WHEFOEE
WZE0IET B 2 LI X KO FERICE T
THEOICERLZEEZOND. BEEE
B LIZHAICE, BELARWGEESONEE K



XRBITAE LT TWRWE DD, K DBE)
FOTRIRB DTN SRS, 202w,
ERAEBTH LI, WRORNE
b3 2. ARFHTCIL, BEOHLE (285, 1t
TR SR, 2011) 228 TR S 2 E
HTEY, IRKFOBEEN 275 mm THDH. £
D=, WHOKE EWN/NSWFEIZIE, B
LiaBET D2 L TRIRNEIL L, REENT X
D LBEREENBND Z ENTHEEIND.
EDZ &G, EHE2EETHELT, &
B R TBT DREOWRENC (LT H 2
L DRI X 7.

s

A

X5 w5 AEBE LK OESE () SR
L, (F) BHbH Y.

5. EIpFEIGm L
(WFZEEE . DH7EoHE KON TEE |2
(TR

s sc) GE 1 )

(1)  Tatsuya Soma, Shun Amemiya, Tomoyuki
Katayama, Yasuhiro Saito, Yohsuke
Matsushita, Hideyuki Aoki, Takao
Inamura, Masatoshi Daikoku and Junichi
Fukuno, Numerical Simulations of
Particle-Laden Turbulent Flows to
Characterize the Two Different Types of
Paint Spray, Journal of Chemical
Engineering of Japan, 50, 254-261 (2017)
http://dx.doi.org/10.1252/jcej. 16we251 (£
D)

(3R] G 10 1)

(1) ZEBEARTE, FHE SR, BEI(h, I FEE,
BEAS 2, KEIER, WMEZFEe, SmeE,
FArPE R, mEHi—, BB AEERE
2B 5 B EEFmIIENT, (b T¥s
%5 83 4E2> (2018) Mk

(2 E3MAh, tHEEk, ZEEERTE, T,

HARF 2, 2 DOURE OBERE S K DR
B DTE R B3 2 BB MRAT AR &, (b
TR 83 -4 (2018)

(3) ZEEEZRVE, 57 b ORI A T DR
DRBRNT, (L3 T4 83 ER(LY
TEEAKLT - KT B ARAE 2 F—)
(2018) FAfFaf

(4) HExMn, MAISES, BEERTE, B TET,
HARFZ, VOF JEICEBIT DR DR RS
EORGE, AL LFRE 49 RIKEFERS
(2017)

(5) ZEBEZRIE, ARG ERR, B, T,
HARF 2, REBIER, M0, A
xx, WEM—, G0 ORI A= T 5
WAL DO ZEE AT, b AR5 49 [RIFkZ
K2z (2017)

(6) HEsfn, FRISESR, BEERTE, 2 T,
HARTSZ, W O 5268 BE DSURIBE D TRk
WFRIZ MAT TR B OHUH RN IR, 5
19 [alJesmiit e R # = (2017)

(7) ZEEERTE, BENEAMERE S I 2 b —
vav, 2 Bla—7 A FETE
W (2016) AT

(8) Tatsuya Soma, Yasuhiro Saito, Yohsuke
Matsushita, Hideyuki Aoki, Takao Inamura,
Masatoshi  Daikoku, Junichi  Fukuno,
NUMERICAL INVESTIGATION OF
FORMATION AND BREAK UP OF
ROUND LIQUID COLUMNS WITH A

ROTARY ATOMIZER, The 27th
International Symposium on Transport
Phenomena (2016)

(9) ZEHERVE, miEnlEE~ L v T g R
BT DT ek AR, Ak I —
(2016) AFFRETH

(10) FLHIH K, FHFE mEdk, ZEEERTE, T
I, HAFZ, Fertbek, KEIEM, &Y
fli—, ~Lh oy BRI DR E
VF BEBEAN R 2D SR T TR B o S i
Frvomst, &5 16 [0 B AV B 35
FAREERS, A (2016)

(XF) Gt o )

(P M PERE)
OmRERDL G 0 )
OBfHRIL GE 0 )

(ZDfth)

R D=V

(1) HALKRFRFP L e s Ly sg
T AWFFEE
http://www.che.tohoku.ac.jp/~tranpo/

(2) HALKRFFFEHEREIT
http://db.tohoku.ac.jp/whois/detail/96{62f49
befl7a4ba246e05dedaa6f16.html



(1) (bFLFsRA - WK T m A, v
VIRV NE (REEE) ,3 A 13 B (2018)

(2 BEEEINS, KEEFERERE, 3 H 7
H (2017)

6. WFIEHEA

(O gERFEE

=% ZRPE  (Yasuhiro Saito)
BAL KT - KEPE T2 2e8: - Bh#k
WFge 8% 5« 50621033

Qs HE 7L
QuEENIEE 2L
(DM TE 13
FHS  #Efk (Tatsuya Soma)
HALRS: « RFPE LPprest - Rebid

FH  EK (Souta Nyui)
ALK « KB TRage Rt - REEpee

& %/f (Hidenori Mayusumi)
HAERS: « RFPE LPpiest - Rebid:



