-

View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

BEREEADOMAERFEICET SR

POREETIE, SESERSBICHA SN THER, WFNOSE THHEHEICEA T 5 8%
FMERNESR S NB Y, BEIEOMFERETIE, FERE 20~40 um NI & ShTWb. BEED
WEFEBIEFMICIE, < OMBERND Y, BEOBREDRITWEEN 6~7ETH 52, FIRNSEMER
HOWIDONWTHE, HME5EIEEbhTnd. £, BELRVEENY, FAAIZ 2, T
THEESH, ZARI A MEMCORB >TSS, BETERTE, BET—2ADZEPFHRLEZ T 0
IRTHEHENA =TT, HBEIEEEOT XL —DRK 40 %2 HEAT 284005, Liz
BoT, A=RNX— - HFEFEDONIEND, WEORWBREFKMZERT 272000 E>DOFEL
LT, BEREICB T AME Lot 2AOMPANEE L EZZ HN5.

BIfE, AEEOBERETIE, MEREOMELICEM T, mWARENE L4 ER 0 HENEN
TN —FY— XUy TBREENZFHEIN TS, LELARRDL, a—& U —--~L7
v T OFIRRLZ DN E TOEMKRO T BBRALIC ZIET B OWTEARZALEZ . T2 TA
WR2eTiE, FRETENRER L OEMO SRR OBIE, WKL ORE, ATy ZREMm» S
AT HHECRER, FERREOFHH 21TV, MR LB RSB ENREZSET 52D 0k
PRI EIZE O MRFH A 1T - 72

AT, ERNBEEALEE LEZEOEREED, 6 ELLBR I TND.

B2 wmik, EERISEMING, EBRE, KR THWZASNAE y TORE, Ll TR ORI
EXOREIZOWTRRTWNS,

BIFWIE, v—X U — - By TREOREOFENRED LI RIETHELPARICT 57
WIT, WRF R L RO EA R EDOERFIEN LD v FREOEKOFENIREE & 2 0D 5y
RIS RIETEBIZ OV TR RTINS,

KOBGETIE, ~vhy RSO EEREE, BLEUEIRS R, Rayleigh /7&, RO, MR
G, BARMEIR A LD S RIS L., 72, ABFETHEM L=Vl v 7T, koM

DIFED LD RFRAZNIT R LR W L EHALNC L., EBEZEELZZ U ) VKRR
WA TIE, JEER O ZUREE 2 BRI 2L, Rayleigh 4%, Rayleigh 432411, BRARAYZL,  #HER 5>

H, WSRO 6 FEIC B L. Rl @l ER O T, by TREN S D4R
BRI, MR S HTH Y, oo 4 OFCRO5EE, Rayleigh 7#HTHY, HETIED
D0, MAERICKERESSENLNWI LEHERLE.

KEOWEIRED ST TIX, KOBFE, WENRERIRIRE CH D &, FimTiE, BHER S ELMm

AL S &AL 1 47 5, i (T
w54 B PR 23423 A 19 H
P 5 W O T I DR LA e R S R T A T2 B 4 4% AR

— 167 —


https://core.ac.uk/display/268251608?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

SR THERERE 531 %

MR DA TH Y, MEAERBHETHH Z EBbhote. £z, VvV VKBEOEE, WK
OFEERAE L, K E O E T, Smooth film, HEElE O 5L Tid Radial streakwise film, &
HEHROfEELCTIX, Partial dry film 233 & U CTHEFE S, WmBEPREEIL, WEIC L 69, BEHSHICKE
WBINDLZERDhoT. BT, Z0O XD REEOFENRAEN B NGO 5y 2RI 2 L F
FTZEEWOLMNC L, Eiz, EOFEOBAL~DEEIZHSOWNT, R Ly 7L ot
FEAToIRER, BEMOEN, WEATORKOHRNEZ B SE, KRS 2&E0/NXWRFES A

RETEDEENSD L EHER L.

BATL, v—F Y — - XDy TREOBEDFFHEIZ DN TIRRTWVN S,

BRI AR DRI S Z B KD E L, WIEE S OoBGHM e ZERE LN LI~ T D2 &n
b, "NHy TREORBEESHEICGEHATELZ 2R Lz, £, FEHEMAROEEE S % fil
FHEIC TREZIT o AR D, Ny TREORENS BN ORI B —RBESTHDH Z
Enbnrot.

WS 2 “EBEERE LV ROEHER, TR TOREICBOTEMENFREREL Y /NS 2D
CERWLNCIR ST T, RESDARWVIFEERE L HAEME OENRKELIRDN, T,
~ULRE L AR RN DIEEDE I TOF R OFES, [mls ST m & Xim & O R EEICERA LT
WA, EERGAEBEHER NS ozt B2 BN 5.

TCRBEREEEE S & OBREFANIRER, WERLVD y Z7REIC—FICIEN ST, HEFH
WIRES AN D Z & E BEERCHBCREROERENSH LN L. 2, WG ILoEEIC
ka2t otB26N%.

EIREEE T H y T RE ORED T TEWE S, JEMOMIZ LV, RIS SIS ITR S
ENDHEOIT, WAERT HETHY, HAKRBOZTHOEENMZONDZ EEH LML,
T, WORICEVBEADHHESN TV D OBRERICKE REEN 2N

WEEL, B—FVU— - ~ULh y TOMKALICE T DR ER & R L OBEIC DV TIRA
TW5%,

W Ly 7OBRETE, BEKICBEGRR LS, EREINDIEHICKERIIS2ENH Y, h
FESAENILL 2o TWD DK L, FEMICHEND D54, BRbMEdE i, RiEE 5 AatE A3 5k <
R0, 72, A DOSEKERRT, FEARMIC Rayleigh DR TH 5 1= O RELEED b Y LPRIFE 2 HE
BAREThHHr 2N L.

WA~V T TR & DA ERER L ORAEDO AL DO MRE 21T - 7o i B, SOV R~ D
v TOWREEL L ORRER R G/DE L, BIESTN"ZHESALD » 7" PR RE DR LR
o, TOZ END, HRES LROMIC, WAL DV TR E T OEREN R R BRI
WBLTWHIEEZLND.

H6EDMETIL, LTOLIICENIND.

(1) AM»LONEEREEZBIZEL, SHEEORE, FAMICH LT X TOENSHRERITIES D
EDRVIRMRIEA L, MR Z AT D2 MHIRKER R e D Z L 2R Lz,

(2) AMICIENTFAETDIZ LT, MEMICh Yy 7REOMEBEZ 58 L, BORSEOR AT <
WOARMER RIS e DRI IA 22D 2 & 2R L, AFSE TR W~ » 7%, fEkolm
MK COREBEREO B E —F LW ERbho iz,

(3) vy FREOTENFFE A2 BLEL - 0 LIRS R, Wl RS TR 2 # < %) — 722 R 18 C R i

— 168 —



(4)

(5)

(6)

(7)

o MR OB AL I B 5 2 F%8 (VNEJRD)

DIFITET DHEITT, TRENOEICHALHEREDOIT LT BMA LI, ZORRE, K
MR D272 Y, PR BAFCh D 2 & ibh T

[R5 FI A3 C D IRBEIR & 2 il P4 C U L 7o R, (Rl IR % 1 00 U & o0 0 M & B
M= LTNWDZ LiE, EAEEPrEGIC b —RESTHD I L E2BRL TS,
R B DR ERE T DR BAR ILOTEAEIC K 0, KO R 231 D&l CIE, A~ L
v ZREME S CBIE O ST R D5 2 & Rbho i

SULHy TIMOBI LD, WAEBENHR S h, SEEEOSE, KENMESES, B
R R ERT D 2 & RNbro

% DR DS EEREL, Rayleigh D2 Th 5725, WHRE RN B FEHRRE MR TETSH 2
ZrERLE.

THREHAE K B E K

— 169 —



NP TIERFERE 031 %

Study on the Atomization Characteristics of an Ultra-High-Speed
Rotary Bell

Shin OcasawaRrA
Abstract

Spray technology is widely used in industrial applications such as internal combustion engines. The
atomization characteristics must be suitable for each specific application. For example, in automobile
spray painting, a Sauter mean diameter of 20-40 um is thought to be appropriate. However, there have
been several problems in automobile painting technology. For example, the transfer efficiency of spray
paint is at most 60—70% and decreases to 50% for complicated parts. The paint that does not adhere to
the body must be disposed of without being reused, which increases the production cost. In addition, in
the automobile painting process, approximately 40% of the total energy consumed by the automobile
factory is used for the baking oven and air conditioning of the painting booth. Therefore, the realization
of efficient painting technology is also necessary from the standpoint of energy savings and resource
conservation. Thus, elucidation of the spray painting process is an important problem.

Recently, the rotary bell cup has been widely used in automobile painting and can be applied to
high-viscosity fluids to produce relatively uniform spray droplets. The rotary bell cup can spray a large
surface area per unit time, enables high productivity, and produces a very high-quality appearance.
Atomization by rotary bells has thus been investigated extensively. However, the effect of the shape of
the rotary bell cup and the flow inside the rotary bell cup on the atomization characteristics has not been
sufficiently investigated. In the present study, we focus primarily on the effect of liquid flow on the
inner cup-shaped surface on atomization. In addition, we estimate the atomization characteristics based
on the diameter of the liquid ligaments issuing from the cup edge.

This dissertation is organized as follows.

Chapter 1 introduces the problem to be considered.

Chapter 2 describes the experimental setup, the rotary bell cup used in the experiment, and the method
used to measure the liquid film thickness on the rotary bell cup.

In Chapter 3, the investigation of the liquid flow pattern on the cup surface under different operating
conditions (primarily for high-viscosity liquids) and the effects of these flow patterns on the breakup
pattern at the cup edge are described. The results show that the presence of grooves at the cup edge
induces the division of the liquid film on the cup surface without the occurrence of film breakup, thus
forming large regions that experience fine-ligament breakup. This yields a breakup pattern at the bell
cup that differs from the breakup patterns of conventional rotating flat disks. Observation and
classification of the flow patterns on the cup surface revealed that, in the case of radial streak and partial
dry film formation, the flow rate into the grooves was uniform and the breakup pattern from the cup
edge was that of fine-ligament breakup, which enables good atomization. The variations in the ligament
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diameter with the different liquid flow rates are suppressed by the grooves in the cup edge and by the
constraint on the ligaments generated by the groove width. Consequently, no large effects were observed
when the liquid flow rate was varied.

In Chapter 4, the characteristics of the liquid film of the cup surface, which is a preliminary process in
an atomization by rotary bell cup, are described. Measurement of the liquid film thickness on a flat disk
by the contact needle method yielded values close to the theoretical values, indicating that the liquid
film on the surface was smooth with uniform thickness in both the circumferential and radial directions.
This also indicates that ligaments that form at the cup edge should be uniform with little variation in
diameter. Measurement of the ligament diameter confirmed that the liquid flow ports tend to induce a
non-uniform spread of the liquid film over the bell cup surface, in the film thickness profile in the
circumferential direction. In contrast, the measured values of the radial liquid film velocity become
smaller than the calculated values. This may result, for example, from slippage between the liquid film
and the rotary bell cup surface in the circumferential direction or from a force in the direction opposite
to the rotation that acts on the liquid film, which flows radially due to the Coriolis force.

In Chapter 5, the atomization of the rotary bell cup, which describes the relationship between the
liquid ligament diameter and the Sauter mean diameter, is discussed. The ligament diameter was
confirmed to be constrained by grooves in the cup edge, and uniform droplets with a narrow droplet size
distribution were confirmed to form at high rotational speeds. The Rayleigh breakup of individual
ligaments demonstrates that it is possible to effectively estimate the mean droplet size by performing
calculations using the ligament diameter. Other than the depth and width of the groove, the distance
from the groove tip to the rotary bell cup edge affects the ligament diameter and drop size. Ligaments
form at all of the edge grooves and undergo Rayleigh breakup, giving rise to a narrow droplet size
distribution. Under these conditions, provided that breakup occurs in the fine-ligament breakup region,
similar results will presumably be obtained for a high-viscosity liquid.

Chapter 6 presents the conclusion and summarizes the results of the present study. The
main findings are as follows:

(1) Observation of the breakup patterns at the cup edge revealed that ligaments form at
each groove in the cup edge without diameter variation at high rotational speeds and yield
uniformly fine droplets by fine ligament breakup.

(2) The presence of grooves at the cup edge induces the division of the liquid film on the cup surface
without the occurrence of film breakup, thus forming large regions and leading to fine-ligament breakup.
This demonstrates a breakup pattern in the bell cup that differed from the breakup pattern characteristics
of conventional rotating flat disks.

(3) Observation and classification of the flow characteristics on the cup surface revealed that, in the
case of radial streak film and partial dry film formation, the flow rate into the grooves was uniform, and
the breakup pattern from the cup edge was that of fine-ligament breakup, which enables good
atomization.

(4) Measurement by the contact needle method of the liquid film thickness on a rotating disk yielded
values close to the theoretical values, indicating that the liquid film on the surface was smooth with
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uniform thickness in both the circumferential and radial directions. This also shows that ligaments that
formed at the cup edge should be uniform and have little variation in diameter.

(5) Measurement of the ligament diameter confirmed that the liquid flow ports tend to impart a
non-uniform spread of the liquid film over the bell cup surface for the film thickness profile in the
circumferential direction.

(6) Changes in the ligament diameter at different liquid flow rates are suppressed by the
grooves in the cup edge and by the constraint exerted on the ligaments by the groove width.
Thus, no significant effects were observed when the liquid flow rate was varied.

(7) The Rayleigh breakup pattern of individual ligaments demonstrates that it is possible to effectively
estimate the mean droplet size by calculation using the ligament diameter.

Professor (Chairperson) Masatoshi DAIKOKU
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