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UMb 02250 T, EBHEOEANCLVENZIPIIRO I IICTEZ BN,
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ADBFILIEUE FTH 14000/s L IEHIZREVDOT (1-) RTHZBND
VA —F—Vxy FOENIFHEFIIRE EEBPRE FIVUTEVHELESIC
e, Y22 EWRAREL 2D, ZOXO U —F—V =y MIBENEHE
SV DOMLTZRXNF =IO TRENZ EBRFEROFETHY ZNEFHL
TIEIERTEMFIUSHEINTE R, REWZ VA —F—T v bOFEE~
DISHIZ DN T ORI E D L7z,

ARTICBTHEDI R E LDt =5 Ly 4—F —Y= v bR
DH>H, BROFIZBITIDLDLDTHD, BRAFIIBIDV+—F—V=v b
DICHITHAROEHI L% B, 27 Y — NMEOHEM ORF:, SIlncHV b
TKY, ZOHAENTHEIZE>TEARY | #MPa 253+ MPa T, #HEIX
¥EWs IZbET D, ZOXIREE. @iECY +—F—Y =y M
Photol. 1 iZ/RT L 512, / A/VH NEHICIW T TITHREMEZE I O FER

Lo TW5, ZoOMEEREHEMIZRT & Fig 1.2 ORIk 5,
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Nozzle

Droplet e =

Fig. 1. 2 MR OWERERDO Y +—F —V = v b OBEEX

BRBDFIIBITD U+ —F—V v MIKEICERD L5112, ZDIHGE
IIERITIEA D | R e mBRED b OMBAFE ShERICH i sh TS, Ll
RI3D, A /s THRENT 2EBROWIRXDO T +—4% —2 = v b OFREIHE
ECOWTIHBIEE TO L ZAREMAN 2 Z DMK FHIFFEDREPIX

BRETbh T, 4%, BRAFTHV WOV —F—V =y b2 LY
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BAREL LT 7201ilid, v —4 —V = v hOIKAHZHEEIZ SWNTO
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F—Txy OB L ZDOTRBFEEIZ OV TOER LT EZIT 7,
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VA —F ==y bOKRERRFIRIT 19 HRIZR - THH T, B ZERE
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WESNTVD, 20 HACITA D R R IR RERZIZ O +— % — V= v b3S
PEERTILSERESND L2112, BIETIE. HOWOIEXETEERERL
LTHHSND K5I >TETWD, ThbDRMASEEZFERETHBL
T Table 1. 1iZ5R7, £/, KEZBWTHHASBH EERENOBRFRERLE
bDA Table 1.2 TH D, BARICKIT ZAHDEGKE & EARITENTRY,
Z OERERRITOLE, REQEE, JEHBULEE, (350, Ui, L& U+ —%—
Vxy FOREETEN L TRHMICRH S TWD, Photol. 2 1T TR ER
DFEM(VA—F—Vxy FARIFRAESNDEAT 2.5 WPa BBETH 5725,
Photo 1. 31T/ A DOUIKr2IN LIZFIH S 5 E 138 T 450 MPa 28 2.

T2,
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Tablel. 1 EEXSHHTOUFr—F—T =y bOFIH—FERIENZL D58
FE 1 (Mpa) it 3 (m/sec) w7 J R F 5y B
- . T
10 130 5 s
( ¢ Z i - RS
4 % - REPAE (BRI A 720 & DO ALE)
X # - er TR - AR
50 290 Z . BRI
$ § 7 Tﬁ - REAEEEHDBH B L)
o - PE(ERE D
2 - TR
<7 ke ZNT
l - B
100 410 - REAE, A EED
§ § 4 - BT
$ ‘E *;‘ - A
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$ S ok L 7 cmiy Y — Lo
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K SRR
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Tablel. 2 KEIZBITZUV+—F—T =y FOFIH
EEDT ERF-—F{ ) {ERE?1Mpa?
AT Fiwri—, B, IFERIR, Bk, 2, O2U—% ) 40~50
HEIIF HBHIARE, PR, TSR
—RERD £y ] 7oL E
552N 40~50
Tl EDEH 40~50
ElbOiEh 50~60
=l FE IH 213305934 M3EH 70~150
NUEREL 70~1560
e, F— A, 2=, TAH. PRZ7IH 30~70
Q2 —rkR@DoER J0B! b
Jval—rFoBe 15088 +
E1rAu b #EBFoEw, B B nsh 70Kl b
ML FIIOVIZ L w0 50
0 O 30~150
DA Tk, FL—=22847 30~40
b, TokEow, JXEHRE 50~~60
Big, 35— 40~50
teHP IR, H 12 70
SE®|ER HAS—=Fa-"J, P Fa~-7
QuFYY—Fa-—7 70
HEN T L Ok, S8 Ok 70
BEN EER EOITI- 2, JL., 38 70
I & 253053033140 70
ifisth F—lmid, 3 20~40
TILRIZEEIL DB R 70
A OMIE 140
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Photo 1.3 v+ —%—T = v MMZ K 58I

ZOEIEIEVFIRIL, FA2FASBEI LI, Ur—F—T v FORK
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® 7 ANVOMERENEL. By FOX I ITHBEICIRY B SLERR,

@ OB~ DEEID 720,

® WYIRIES, HEEZRIRTZZ LT, LEBSORWHRTE B,

® EEE. KT, EHE, BE ERAR2VWR EPRAETH D,

@ K&, B H R L LHER L TRSMENE,

KReE LT,

@ BB BIERICE, o AT LOMWRIC L D25, B 5 M, b B o
VBB RLETH 5,

@ BEPRAET D, WU ESdRETNI. BEL V2 FTohdas,
110 dB #8825 Z & D%V, HRBOALEBLETH S,

@ T TVxy NOBHITIE., IFT 7 ANVOFMMBPE,

Vp—H—Yxy MIEERCRANEATIIH DM, FROBMEENL

TR B I MBEEG DS 2RO LS 2B 2RI TH D,

1. 2. 1 HEXETOUF—F—Txy MHBESREH OB

HEETOUF—F—Y =y FOBWEAHIZOWT, 10 4EFTE Tid Photol. 41
YU A—F =Ty N (N RH V) EREN AEREE S FTH - TRt
GMBLEBER LT, ZOFET 0 MPa LT R R¥ETH 72, LLARR
5. FHERE OBV EI OB E-CRENER & T, ROV FT IR MNLE

MO —F—Tzy MNIBEDS L IR THE, Ay FHLOftbY ica



vy FEMMLEZY, MEENS 200 MPaBRESFEHEND LD IChoTE T,

UTIC, EENHFILIZUA—¥—TV vy MEGHBEORIHIZOWTIRR S,

Photo 1.4/~ R A2 K D ¥EH

(1) k8. gkt

W DT 25— 7 @ O T ITERES) 30MPa LA RO ¥

— =Yy FBFHAENTND, 3— 27 RIFOWHFRLEL 2 — /L OFHE,
2R LYy 7 ZAGPERETIZ50~100 MPa DU +—F — = v FH3FIH

SNTWD, BOETIE, @FmAE 2 Lot Rl (Tflshs

Ut —F—Txy MIEHTESD 1560~200 MPa TH D, MEHIEHD EHIC
fEo T, EHEE bRy MEBED LN TS, ZOHHTRLELHE

LN TV DDA BOWEE T, THA LT T U ATIRIZEALEDTY;

T—HIC—ES LIPFEFEI-EEBINLTNS, ZOKRHE%E Photol. 5 12

T
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Photol. 5  BASHAZR DU

(2) BX. E1. BT

IC ORNVEYIZFIHENSG Y+ —F—Y =y ME 100 MPa LA FTH 573,
BIETIEb YD LEWEAbVEREINS, £, BT AR —FT «
A7 DY T 5~80 MPa 2 ST\ 5, [AIERIZ —MxBéik C & 25 Fl A
DN YD IZEERZ2 T A — % —T =y BRI STV S5, BIRRIE
YO FIBEEE. 2 LR ASROBEE T HEMORRE, a—T 1 TR
22 150~200 MPa DU +—F—T = v EBFIHEINTWS, [TEHD
HIFEBEE L, (A OFECHM OB CHINIE N R 5705, Bl Tl
BIEEDBEA TS, ZOFBHTHENAY FH U NHrRy b L EHEGE
BHEIL LTV 5, IC DY ERD Pl & S FEOE S O3 U BY BEE ORI Z

Photl. 6 (2”7,



Photol. 6  #BamD U HL Y R M
(3) HEhHL, 2ok By
TV DR TIX 15~50 Pa DU +—F—T = v +23, Photo 1.

TR ERE DN Y HRY TiX 50~100 MPa D b DAMEH STV S

Photo 1.7 NV Ht Y



IOV EOBEERHONYRY ITABEEEZIILES>TOY a—
WHTEIZHRE LDPRBRWEERERETH D, THOT A VIZBIT 58S
Hi7p E O HIEEGER (Photol. 8) 1XBEMEIO®E IC LY, mEMDHEA
T&7, HERITZIFEXIZLDLDODPIZLEAETHo D, FEIZZ Ak
TrAy MESRTW5S, —MAYICHESESIE 100~150 MPa T 5 » it
TiX 2500 MPa BREDOFEESFEHIND L HIT->TE L, THTBEME
DEVIEIBNCL K R TELLET TIE RS /NREIZ X 2 HEEY OB EAL
REEOIRIBROOEND L IR TELNLTH D, M2 TIIH
KD A > N OHBERIHFRT A > TIZ X DKBRERETH Y , MHET

00 MPa LA FTH %,

Photo 1.8 &3&EH O FIEES IR I

Thd, AIEIERES 20 MPa LT T, %A1 100~200 MPa TH %,



Dr. Frenzel OMEFEITHLRRE SN TVD L H I, MEOTEE CTIXRENE
DB T, T7I7AMNEEPLUA—F—Vxy MNEGF~EDY 20H 5,

ZDOHE O ES 200 MPa REMNERIN D, ZHUE-T, EkoF
EENPLUWHFOR Ry MEBEATE TS,

(5) 1k, AMT T My EF

L%, A7 5 bORBER T +—F—T = v MIAOREBENEE 2 R 7-
LT& T, EAMICIIPAHMBOEEDIRRNTHLB, FIM¥v—, ¥
23y b =F— URA T, BEEHREORICHE. PEHE, Bz Lo
EFHILEEREDH P LMEERDA LT F L AT+ —F— = v MO
MEhTnsg, ZhbDutr—2—T oy FOBEKHENIZT MPall TThH
%, HBEFEFTIIRAZ Y 2 —OPHO L 512 100~200 MPa OMESHE F T
HENnTWa8535H %5, £72, Photo L. Y9ITRTEH%, # o 7BEmMO THY
B TR CIZER OBR T 200 Pa fBEDOY +—F—Vx v FAME

MahTnd, ZOFHTHREIIRAR Yy MEBPERSA TN,
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Photo 1.9 # v 7 OB

Y F . FEh, B F—Fawd BFBiis Rlu—gs-o Tp0
O, HAKE THLIE, BUKERER X 50 MPa LT TR SN T\ 5%,
PR AL E L & — & v OB 40~90 MPa TIThh T\ 5%, BRED 7k
VR FRIEE OBRYIX 70 MPa BEDO Y +—F—T vy FTERISN TV D,
L TIE ZRBEEM O LI REG Th D Z & T, JRFHFREFT DFRYLI

Photo 1. 102" F &5 REEBICH IS TWD, Fo, HAEO T HLE



(27T A P LIEORDBYITHWOND5513 100~200 MPa DOMEHE ) A3F)
ManTnzg,

UERBRNTEZe2E b L, HEfRFICAAINTNE U+ —%
—Vxy MIKBET N EBIEO AR & B ORELC X > THEFE 2
RipgoTno, T7bbH, HRLESFOHBAITITMEHAES & LT 50MPa XX
TH3, A TREE O i ORI O FIBEGEA TIE 150 MPa LA F O ) 435
SINTWDS, ZTNOLOHBEEEIZIZEAEFIEET, WbWwai AN FH v
Z NBIDFF > TITh TV 5, ZHUIEERR (RIBERD) 2 A0 B THERR
LD EMT 20BN EMNTH D Z & & MGMEIBREMER TR E LTV

HDTaAy MeDEEBETHEZ LTk, N R IZ X B2FEEETIT,

ANNN

VA —F—V =y NORENV)ORET, RS 2R oM i
RA3HD, NOEHLEIEEDEEMNSGEZ D L. KB IE 15kef KT
b, ZTOIEMNL, N FH - OEHES % 200MPa & § 2 & AR X
14 1/min £T, 150MPa &35 & 16 1/min £ T, 100MPa &9 % & 20 1/min

£T, 50MPa & 95L& 28 I/minETOUVF—F—Txy FBFIFATE 3,

Photo 1. 10 PBRYe~D)iH



L Lt (EREBEAKRE LD &, (FEEDRILT 572 DITHm
NEFRATHZenRRERD, aRy MET D EERESCHEZ M
EEBZENTREL Y, AHOERL 2D, —F. SHORIBERE TIX,
EEMEOR EEREMBETCKOEREEZD R TEHDIT, Vr—F—
x v NOFEE (260MPa £T) B b5, HRuRy MEBHTHR L 25,
ZDOHRTORRKDOR Y 7 XGER 7TOMEIME L oW ERMTH
5T L Thb, EIERL T OEESRMT IS T 5 & 1285 2,
U —F—Vxy MHBERSNEO~—S v FEENIETWABE, &%
WM TA=—OF 1 HF Lz,

UA—HF—Yxy hOBEALEKDIZIZ, R TOMiEEIE T TR, &
BOMERA T F o ADOME S EHT D, £2T, mEEEHLRST
b, METHRLEEZERAD EWVWIEED, —HTRAZITEORA TS, £
DIOBTA AV xy FEMTINTWEHT, KOKZET+—F—T v
MIRBETHENT 28T TH D, RIEDOBEMIIHH O T, Bk
EFEMICHE L TRATLIEMNBESR, TWVESAERLTETNDS, £
7= Fig L. 31RT & 9 7e, 9wl e REieit DM T 2 R 3 2 Bl 23 R &
LTETWD,

INOIEFMHRLTKPTRHATOHBEF Y ET —2a Py M EFT
NTNW5, ZHHIFRAERSE LU THRER , AEEFIAT M, BE
KEFRAT2LORH S, ZOFMIL 20 FRINLFIHINTNER, BE

MEZRIT TR, BOE CIIAESICEAR L TR Yy — ¥ — Y x v R



HANTHRITH D Z LRSS TN D, TS OB AR
ftashs e, BaX MEREBRINDTEAD, RWICHIFFESNHHITTH

50

'.
.o 0 00000

v)i!})?

D\Q,QQ

Fig. 1. 3 AEfeift

1. 2. 2 vUxr—#—Vxy MZX28EMToOBR

VA —F ==y bEiTE L TIEMARER 72 T2 <, Fig 1417w
TEORKEORMMB S D, ZOHRTT T LAV TV xy NBRFEROMN T
Gl THH SN TS, ZOEMIIMEVFEAZ SO Y +— 42—V x>
ZIRML TS L, MEtoMTIcRAT 20 TH S,

R OLNWME oY, FlIXRMO X S RGEITIE, 200~300MPa ¥
A=A =Ty FERWTYUIET 2, ZOFAUZEIN S 5B OBl

VSN 52w, SIFmAEhnTthsrZ &, Ry MuiTk
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WEIAETH D Z DT 6N D, Photo 1. 11RO R AL O UK 2 7~
R

ZDIENT, BOMEIOBIMIZIZT 7 LA T2y RBRFIRH SN S,
Bl ikl & LT3k, 79 27 4 v 7 DO ROEEMEE TICH

i AV IR

EoRmame | | mekmit |

(E=ZTEE |

e T

[ ESmn | UBEAN 7, Je A w97t |

CERmBEF e Ao 2ok |

Fig. .4 Ux—4&—T=xy MEFHDHER

Photo 1. 11 &FED £SO U5



INoOYMrDA Y v ME, G LAMIS R E 52 w2 & MBI O
RPUITRIZBER RO TE L2 L (BAR Yy MERBL THDHZ L) 72 LR
#F 65, Photo 1. 12 IZKREDOUIMHIZR~d, Elo, TT LA Tk
LCHfiZz b DZFM LT, M5k TIEARRTRERMHIIN L E THik2D X i
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2. 26 Lsec DEGHIMEE 2LV, A&BIZXT LT 194 sec BICIEmBE R AL D.

CCD A A Z 11X 4. Huusec DREIEENT 5. K 40nsec DEFEZEZ BV TCHER T 5.

A&B X AT DR O IEGwmEME 5% 5 -2, Image Intensifier @57 — FSANT

10nsec BAAZ L, AT % FEE 10nsec BAALT 5.
Z OEBRIZ X AR O—F% Photo2. 3 12”7

Fig 2.4 A —Z—Txv b ZXVOBEIIKX
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> 194
FD OUT1 _1
i ~120ns :
L1 Fire Lamp __11
PD OUT2 1
il. 120ns
L1 Q-swicth
L1 emiezion i
T1 I~ 6
i : I
PD OUT3 ! ’1I|
L2 Fire Lamp §h
i 180
PD OUT4
L2 GQ-swicth
L2 emEsion
191 s
DG C&D- _J
2ge )l i
Y~ dime ;
CCD exposure - |__
&°T -
= 194
DG A& B+
‘BDns 80ns
II Gate 1 —l

Fig 2.5 WEKBHROZA I 7 F ¥ — b (MPOEMEDOHALIT~A 7 0 f)
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LI controller DG535

PIV Driver

Pl 1 L

Fig 2.6 ##&%s (PIV driver, DG535, double pulse laser and I. 1.
controller) DX

(]
A
=
B
—
g
Yt
o
2
@]
e,
N
=
&
= o Laser-1
o & Laser-2

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

18 200 210
Q-switch delay usec.

Fig 2.7 v—%—HhitZHv7=Q-switch delayic X 2 DZE(L
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(a) this nozzle exit pressure is EMPa; thé distance from nozzleexit is
4600mm

(b) this nozzle exit pressure is 30MPa, the distance from nozzle exit is
4600mm

Photo2. 3 #RAERD
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2.1.1.2 Ryurz54 Mg

Wiz L —F = aF T U FICER LB 0O EBREEMKX %Fig

2. 81T,

CCD camera
with L1

Tank

Halogen lump

Digital Delay Digital Delay
E— Circuit 1 | Circuit2

Fig 2.8 /Ny 7 74 Mgy O ZBILERI & 5 H
KRICEITL. L L IH L RkOBGEZEH LTS, 24 I 7F v — MZH

2-14



TiX, PIVRZANR—DHTHIEL, ~ar 7 F3EmETHDHDOTL—

P—D LD IZRMT HHLERRVDT, DEH3BIIFEMR L ThWARrw., ~ar 7

TaVxzy MIHLTEETHENLROLTILIZL ST, Y=y FOREL

AT 52 &N TES. Y=y FoREBIKZ e L72BlZPhotol. 4iZ/=T.

i

Photo2.4 Y= v FODZ%@%HW) st g O—F) (2 AVEE2. 3mm)
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2. 1.2 PIVIEIC & 2 e Gl

2.1.2.1 FEBkE

PIVIE D A E AT O AT UL OB W =Fig 2. 253 EBREEE L AR
DLDOEMMH L.

2.1.2.2  PIVOJsisE

PIV (Particle Image Velocimetry) X GO @A 5 Hiks L TIA<F
HENTWAFETHD. WERGTICRIFZ2IRBAL, ZOR 2RI BRES
LHEZRHE, RTFOBENORNOEE ML ERiHT 2 HEThS. -
2L, BxDRFDOEEZRD DD TIEARL, Fig 2. JTHERXMITRT X 5 72kF
It &t « CCTHREE L7z IR R oo i 2> & RS ik o A1 BRI 4R 25k, Z o

BB O HEENZ M EREIHT 250 THS.

t # t+ At §
Fig 2.9 BRRAt & t+ - ¢ THEE L 7= IR H S o i i {4

ZOLPIVIC IV EESGHE T2 Y 7 by =TI NETOZHERE SN
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TEY, AFRETIZZHILEPIVEDOY 7 T LTEEOH S (BR)

7T—2 727 ) a—th@DIVECTORZ VT, HREEEE ) & PIVEHR TR & 51

{0

- W PIV-LIFEIC X AmE Y +—F — TV = v b OEEFHH|

2.1.3.1 ‘EBREE

PTV-LIFiE O EHRALE O 2 Fig 2. 1012773, PTV-LIFiE o BRI E X

2. 1. 1 1o ERIERE L IZIEFREETH D, @EECDY A T DORIGTEBICNSE T 4

VA —ZRE LT, £72, @ERAETH D KIZHERI - (Rhodamine B) ZiEA

L.

Digital Delay Digital Delay
Circuit 1 Circuit 2

PC

Fig 2. 10 PTV-LIF#EIZ X 2 FEBRte dams
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2.1.3.2 LIFEORERH

LIFiE (U—¥—@Ffddotis) OMERBEZFig 2. 1LIZR$. LIFEEXL—%

—ZWMNBIZHEERN L, k> TR SN HIET O EDKS D6 5

NGOEREELHIETHD. AR TITEEAL32mmONd : YAGL —H — % F)

LTW5%. dthi+ & U CPMMAICRhodamine B &H L7 b D EFIFH L7z (A

ETREBM) . HEPICRALZEI L, -V —HEeBET 52 Lick

S TN D ENTECLIZENE 5. Z DR, B OFEMBIBVGEIZIT,

i SR A7 81X, T CEXERO TN D TEM BT, Zo

Bf, £ DEALEICHY T 5 NF—2 o Aol S s (Fig2 12281).

TRERRT S LICE o THRABOESERS 2 LA TE S, KRBT,

FEFRIA DK IZRhodamine B2 5H L7-PMMADE KR FEHIBAL, J AL

H9 %, N:YAGL—H—TPV=y MZH LTHRIHTS. =y MOELRT

(INA:YAGL—H— (A =532mm) DERICL->TRIEL, H&K625mmDOE RO K%

WHT 5. BATORNIHFET A NE—FRETD. ZORFET A NVZ—iT

565nmEL T OYEIZIYLL F LB R LRWVD T, BMTUNADT =y FOXEIFEA

FD., LoTRIFOLREZRETED. IhaEs L THEE L, PTV(Particle

Tracking Velocimetry) 32 Z LI k- THEZFHAITX 5.
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fluorescent particle

Image Intensifier

Fig 2. 11 LIFi (L —%—@Fd0tik) OMEF e

i 2 e N
\ Induced
\ﬂuérweﬁce /

7

Laser beam /
fﬁwﬁ:\xy \
\./ \\Ji \
/ o b

Fig 2. 12 V—¥—FBEREHDA I =X A
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(1) Heki+
Lavision 8D 1002192% v 7z, ¥ X1320-50 « mTHLS3 iXRhodamine B &
PMMAT& 5. Rhodamine BEPMMADEMMAEIZIIRD L S5 12725. £-F5E%
Photo2. 5127~
PMMA Density 1. 19g/ccm
Refractive index 1. 48
Soluble in organic solvents
Good mechanical stability

Hydrophilic anionic surface

Rhodamine B 2-[6- (Diethylamino) -3- (diethylimino) -3H- (xanthen) -y1]
benzolic acied

Absorption max 540nm

Fluorescence max 625nm

Efficiency 29%
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Photo2. 5 3ZBRIZ V7= ki 7

(il) E7 4 N &—

7= K DDIF-50S-REDZ H 2. Z D7 4 v & —135650nmEL F DK %

By bL, ERIVmEREZERTD. BEEET, BREALETLHLEROLD

Iz 5.

A=400~565nm T< 1%

A=010£10nm T=50%

A=640~T700nm T> 85%
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2. 2 ERFERLER
2.2.1 BT 4 — ¥ — T x v b OTEEE

AEBRTHONIREEGR) LBE L, REEEDMMALIT 7. Photol. 6
(2 ZANFED=2. 85mm @D / AN ) Z)VH A B 5 0D~300D OB, £ 1, b,
30MPa DEg Z R T, KL NA:YAG v —HF—% iz, HhFmiz+<TTFm
T, BEIX39un/pixel THAB.

BEY A —Z =Ty MIEROFFR LY, FERIRHD SEEKIZ > T
WHZ LIRS TWe, Zo®B Ly, » AAVHDER TILEKEKRTH D
A3, 100D LA CITE IR/ > TWB Z ENbnns. £72, EHOEN
IR THREMEE L RS, IMPa TR E WA R Y B L T\ 5
2%, bMPa TIX&HA /&< 720, 30MPa TIXE LT/ 2o TWA. Zhit
JEN5 BB E, NFEOTAM OB ER L, mES/NSSEAEINE NG
ThHD. £/, IMPa & SMPa DER XL Y V= v MIRMEBREI P LHEA TS Z
EBDND.

0D~100D D] T DIKTFEIIZIERE L TWBHZ LR D 0, BERO
TR 5412, Photo2. 6 LVHARLTHRE L, 0D 225 100D £ T 20D %A4
Tz L7 B8 % Photo2. 6~Photo2. 9 {Z"9. /7 X/L£2 D=4. bmm, ZEfIfREE

i3 30. 2um/pixel, FEAIZZENZEH IMPa, 5MPa, 30MPa T& 2. Photo2.6 LY

2-22



IMPa TiZ 20D fHENSHIRA 12V = v FOKRAMNENLGED, 40D TIIRTD 072
DEANL TV S, 60D, 80D Tik> = v MABERAICZR Y 258 5. SMPa TiIth 4 I
REDAELN TV DA, 60D BEE TIEIREEOTKIIR N TWD. 80D TIHIF
M TV E REEDERE~ L BET 5. 30MPa TIHRIEAML THEIDO TV = v
FOREIITT ITHMZREEICBDLND. IRxIZ¥zy NOPLOBENE
K7RY, Y=y FOPLBHEHRKICEE L TV ZEB3bnd. Zhbdb,
Vv MIBEZZRNTZRDIEEHREITNELRY, REBITMEEIZRDITE
T IR TN Z D025, Photo. 101X 2. 1. 1. 2 Hilcidk 7= 27 51 |
WL THRE LIEEBO > THD. /7 AL D=4. 6un, Z°RHIAR1EE 1T
10. Tum/pixel, JEANIMERT R ZOH TPz v FEEHIEZ. ZOH
BEv, Yy bOREIZ\BBEZHETE, ONTEOWMBREZEL, KRR BEB
T5., ZOMOFHBECLVRLXICIY =y PPN TVE, BERICEEL TH
K EBxbND. RIC/J ANVEZORBKRORELENIIZLEKT S.
Photo2. 11 1% 0MPa & IMPa @ / RV D=2. Smm, A#&SEIX 7. 81 um/pixel TH 5.
Photo2. 12 iX 5MPa, 20MPa @ Photo2. 11 L RGHTH B . TXTDOENTBNT,
J ANV AEE TEERICRIEIEZRL, Mbly. BECRDIFE, REK
MIEAETHETORMNECEN S KE V. IMPa TIXERICHEESBEN L T

LD PHERTE S, Zhbil/ AVHoEZICZEZER IR ENn=Y v b
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BJE Y DEREEZ RS, EXeMEIETY =y FOREITEABHME) <

MHEEBEZXLND., MERZZRDIFZEEHEIIRDHDOT, Yy bOREIZEILN

AUHHBELELS 225, RIZ, REEROKEIZOWTEIET 5.

Photo2. 13~Photo2. 20i%> = v FOHOFESID %K %0, 1, 5, 20MPa ® 7~ 16mm,

14~23mm, 21~30mm, 28~37mm, 35~44mm, 42~5lmm, DEHKE L 7(Z{E TODE

L, 75mm, 150mm, 300mm, 400mm, 450mm, 550mm TN DIE TOEBR TH 5.

FRAGEEIX4 T, 8. 789 um/pixel, / AN D=2 5mn T&h 5. Fig2. 24, Fig 2. 25

® 0MPa, BNBR 7 OE OB DOFEITIT 7 ZAIVEEERT D & I R A

RTED. AU 21~30mm T BRSO TNIER Y = v P LREEL T

W%, £V y PORHBLIZHRBAHERTED. LPLEDRE, Y=y b

DREIREHN 2 20 REIIMR TE2< 25, Tomm TRIZE A EREWK

(X722 <, DNERBEREB Y =y PORMMICHER TETLRETH S, 300mm TiXP =

v NOREOEHEHEELLTVE, Pxv FOERER LTV . HBx2EE

WP OETFERIZEE L TWSERFBIE &Y EHERTES. 400mm TPy bD

R0 LI, 450mm THE Y = v FASEEL TWE, 550mm TIEsERICHREIC

72%. Photo2. 15, Photo2. 16 @ IMP Tl DtEEDS 0MPa DR & 1T R 72 > T

5. OMPa TIHR &M TiZiT & A EIRIRAREL L TV 22023, IMPa Tk Av

HEOEZRLLBERBR VMR TS, T~16mm TIEA7R ) OIRHEAREH L
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TUWB 5, 14mn LIRS TIIERFE OMRBENB 72 D o T, 0MPa Tid Z o#ipH

TP =y FOREMBPRDEN TS, IMPa Tid 0MPa & k3 % & &L

vy, UL, 28mm H7 0 0 bIRAICY v FORERBFN TN, ¥

= v ORI R VIEFEARBE L TWD, T LTV y FOKME

D OITEFEAOR AR HA LTS, 300m H72 0 225Y = v FDOIENR Y A

, WEICEZL L <. 400mn H7- 0 TIRITR@RIC 2 5. O0MPa & [FlkR,

JANVHABE#ZTIIY 2y hORFEIINZVELNR, Py FOEEIZ 9 ERIR

DIREBPZEIFE L TWDH, RL2IZEDOEIRITZ2R < 20 REFIROENIAD

BRIV IBENIRD. EBIIEINRERD L, IRERITNEL 2oTNL.

Photo2. 17, Photo2. 18 IX 5MPa DE{IZ 72 » T W 5. ST LR LR TH

5. IMPa ERARICYT SIZY =y PORMEMPOHRBFEEL TWVDH, T O

0720 TH 5. INPa DA ERRRIC AVHABERNOIRAIZY =2 v b

DREA H DIRFERBEILHAD LTV, 3m H729 16V =y FOTBIRPE

fELTWERLICHNLTWL. 400mn H720 2262 = v POAREICEB L T\ <.

IOV xy FOREEIXIZEA LY INPa DFF L IEWTZWVWES 2D, RIZ, EHIZ

REDKHI DWW THIZET 5. Photol. 19, Photo2. 20 1% = » b DJE2S 20MPa,

OB LT FEL L ITITREETH 5. 20MPa TIZE LICiEEHEE N L L TV

5. ANVHHOEZENSG Y =y FOREPHEHEPREREL TS, LiL,

2-25



BETFTEEZNLIEREAEAD LT o7eny, SHICKRMESEZT, Yy

FELRELSR->TWVD. V= y FOPLEZORE Y IZIZKREDOH/D O T

Bohsd. Vv FOREOEROEN BIEELE VEELN S, 300mm 552

ENRY Ty FORIRIIE( L T E, 400mm, 450mm 7> SR % ICHRIE T ICE

BLTW., ZNOHDOHKRLY, Y=y POBEOEILIZOWTE LD S L,

JESDRARENTWARVIREETIX AV MIIERBE ST, +I2EEB DN

B HIHEAFEAET D, £0%, RE EICZBORAFENAEL, REBKBEL

TS, L, REFEFLEWIEAD L, BONRE@IIRDE. FOH%,

Vxy FASBEL, KRTICER TS, IMPa LLEOMET Tid, v b Et

RO RREE LTS, LML, LIEWIKRmEAAEL, REmh bk s

L T <. LaL, LEWICRE» L OBHEOMEIID 22D, Y=y

FOERBEANA TN, 400mm BEND P = >y NOSBENEE Y, KRRICERS

T5. TORFEERMICR LEEREEEOV A —F -V =y FOFEE%

Photo2. 21 i RT. IRIZ\ETFTTOU 4 —F—T = v FOBEDOEIZONTE

245, Py FOBERETIZ, AIVHOBEZ» Y2y MIEASY, E@E

ENRBIRENRET 5. IR IMAREEOREENEZ, Y=y hof.L

ZEO. S0V y MEIZHER L TWE, 300mm EiB2 6 ¥ = > ORI E

L, mRwmkicEE LT <. 600mn TIXZIE =y PBASBLTWS. 20k
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f- 2l R L7 iR & Photo?. 22 127

0D(0mm)

100D
(285mm)

200D
(570mm)

300D
(855mm)

1MPa SMPa 30MPa

(Water pressure is 1, 5 and 30MPa; Distance from nozzle exit is
0, 100, 200 and 300D)

Photo2. 6 7 +—#— v DO L —H—IZ X DT H &

i
DO
|



£l
o
=
o
=
(1]
(e}
a ]
o
3

(Water pressure is IMPa; Distance from nozzle exit is
every 20D from 0D to 100D)

Photo. T +—%— v hOL—HF—NIZ L AREHEE
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il
o
z
o
.
(0]
(2}
=
o
3

(Water pressure is HMPa; Distance from nozzle exit is
everv 20D from 0D to 100D)

Phot02. 8 7+ —4%—T = v b L —HF—JIZ X D HEH1E



g
o
3
o
=
(1]
(o]
a4
o
3

(Water pressure is 30MPa; Distance from nozzle exit is
every 20D from 0D to 100D)

Photo2. 9 W +—Z—2 =y FDOL—HF—HIZ X AHREHEE
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Separating droplet

\
\

\
\
\
\
\

Photol. 10 ~"u Lo T TNy 754 MREILLD UV r—%—T =y MREK
% 3- AT
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ik s v

(Water pressure is 0 and IMPa)
Photo2. 11 ~"a o o0y 754 MREIZLD U —F—V =y FERAK
D ) AV A AT O B mifg
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(Water pressure is 5 and 20MPa)
Photo2. 12 ~"aFoF3 0 TNy 754 MRl DU r—#—V =y PREK
D 7 A AT O %
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(Water pressure is OMPa; Distance from nozzle exit is 7~51mm)
Photo. 3 ~a o F3 07Ny 7534 MREIZLDUA—F—V v FRIEK
i3 AT
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400mm

(Water pressure is OMPa; Distance from nozzle exit is 75~550mm)

Photo2. 4 a0 R 7574 MREIZLA U —F—T =y PEREAK
kTS AN
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(Water pressure is IMPa; Distance from nozzle exit is 7~51mm)

Photo2. 15 ~"u P> T TRy 7 74 MREILLD VA —F—V =y MR
D se i 14
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(Water pressure is IMPa; Distance from nozzle exit is 75~550mm)

Photo. 16 ~"Na v T30 TNy 7534 MEREIZL DUV A—F—V vy PRAIK
BFins- AR
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(Water pressure is HMPa; Distance from nozzle exit is 7~51lmm)

Photo2. 1T ~a P 0 TRy 754 MEREILL DU A—F—TV =y FREK
D e i
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(Water pressure is 5MPa; Distance from nozzle exit is 75~550mm)

Photo2. I8 "L TRy 72734 MREIZL AU —F—T =y FREK
ki 3- AL
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(Water pressure is 20MPa: Distance from nozzle exit is 7~51mm)

Photo. 19 "a o F IRy 7534 MREIZLD U —F—V =y PRAK
Y53 ALTEC
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(Water pressure is 20MPa; Distance from nozzle exit is 75~550mm)

A==
3 f;’f; —

Phot02. 20 \a S0 TF RNy 7534 MEILEL DU+ —F—V =y PREKE

ki 3 ALTEES
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Omm-~23mm

400mm~600mm

Photo. 21 &M~ DEBBEHK TOY +—F —V = v MREED

) R el & EEO Y+ — 22—V v hOBE
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2 1lmm~44mm

75mm-~300mm

400mm~600mm

(Water pressure is 20MPa)

Photo?. 22 W@ TO U+ —F —> = v FEREPED
MG 72 st 18] 5
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2.2, 2 PIV 1T X 2 EBRfE 5

AT TILRIEI TR 7= PIV Ik THENRYZ MUV EREH LEERIZHOWT

BB, LLUFIZ 2 Av£; D=2. 85mm, ZEMIfR1EE 39 um/pixel, HEEMIRE 4 1 sec

KFETIRE LIZBBRICBT SR E T, PIV o RomEBO 6%

Photo2. 23 2/~ 9.

Photo2. 23 /E’Limjﬁ/jfi\ |id| V/i V;J:éfq 'f)fffrll

ZOXSICLTHRLANL—BBRFTOEENY 2T XTEE L. JET)
%1, 5, 10, 20, 30MPa, MIEHiPHIZ 0D, 100D, 200D, 300D. F7=, ~/LX—

A OFEH (X (2-1)) TROFMERE, WEMREZ R L.
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y= AR (2-1)
o)

WEIZ VIn/s], Pz XvnfES MPal, K&JE% Py[MPal, BEIX o [ke/n']

LB INODORERD ST 7 & Fig 2. 131K,

S T T T T T TPV

. ® 1Mpa

200 g 1 v S5Mpa
@ _M 4 10Mpa
g | 1 = 20Mpa
> b R ¢ 30Mpa

3 100 4 A —4—~—— Bernoulli
S100F ¢ — —— v © IMpa
> v 5Mpa
N 4 10Mpa
¢ * ¢ 0 20Mpa
oL ¢ 30Mpa

0 200 400 600 800 1000

Distance from Nozzle Exit(mm)

Fig 2. 13 i Fmicipo T+ —F—Y =y hOEEDORERER

PIVIZBREOHEA & WV EERTZ b E2RERHTHIHLOTHY, 20MPall DR
JEFIZ725 &, /7 AVEETCIIERIZREDO Y +—F—Txy PBEHL, %
BOWMRERICBDLDN TS, Y =y FOBEBRITIRE TE R0,
Z07, BIEOFETITRENE L 2oT5. Fig 2. 13 X9 PIVORIE
R LD 2EBICANV X — A OB L VK Ro T 5. ET2, SHOHHRE
#PATH S 300D (855mm) TILIE & A EHEEITEL TWRWZ LB D. 1ERD

Biw Tld, EROBERAHBREIBROZLET, BHEL L BITKREIEETD
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ERONTWED, ZORELY VUV y hoEGEIZD 2L, BIE Y DR

METRIENDZ LB ODD. i, WY =y FORBEIIREIZRDIZE

£
P <

3

REWELEZRD. TNUODORRESE X TPIV-LIF OfERICOVWTHET 5.

a3 PTV-LIF =iz & A i O fE 1

B2 > n=]

—

\JLI;\’\Z)- ’]H‘i

AEITIX 2. 1. 3. 2 8k <72 PTV-LIF (£ L A ORE R Iz

Mg D —#i % Photo2. 24 12~ .

o
)
=
g
@
o
=
o
=}

First photograph Second photograph

Photo?2. 24 LIF iEIZ K B 806k O Hig s mifg o 4

FRRoBBOFWH TCELN - SR+ THD., ZHuT I KEOmEELE 2
BHOBIETIZA LT FREICEA TS, ZhEPIVIC K-> TEHAI L Tk

FEAGHl U7z, EBRSIHIZE23 1, 5, 10, 20MPa, FHiudEpHiZ 100D~1000D,
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J ZANVFED=2. bmm TH 5.

Fig 2. 142 AJES)5 IMPa, 100D, 200D, 300D, 400D, 600D, 800D >4 i
RORE /3 MmZzor9. [FERIC, SMPa, 10MPa, 20MPa /34 b Fig 2. 15, Fig
2.16, Fig 2.17T1ZRd. 7=72L, 10MPa i 800D %5, 20MPa Tix 200D, 300D,
600D, 800D OF —Z HBIFEL ARV, Y= v FOHL L FEH M OEEEZ 1 (mn) ,
Vxy bDJ AVH¥EZ R & 75, BRI OERM r 2 XVEER
THEIYERITTIL L2 b D%, HEZITEE n/s] &4 7. Fig 2. 18~Fig 2. 23
X Fig 2. 14~Fig 2. 1T TR L7IZBMEDRE 7' 10 7 7 A VAR MO %
0. 5mm $°>XE1Y, 0. 5mm DEDHEEZ FL LI b DER LIS T 7 THD.
BT RS OBEE r 2 7 XAVEER TERGTE L b D%, fEBhiTEE
[m/s] Z7x LTV %. 45 100D, 200D, 300D, 400D, 600D, 800D z= =9 Fig 2. 24,
Fig 2. 25, Fig 2. 26 i% 1MPa, 5MPa & 10MPa & FEERDOWrik J7 [ DRI E D55 Am
ERLTCBOTHD. FERFMIZ0.5mn T21CXK8Y, £OMIZH HRF DR
Kzt 28I G M, e m O e LT XEED TEREL

L7=bDERT.
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