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2D : Two-Dimensional

3D : Three-Dimensional

CFD : Computational Fluid Dynamic
DPF : Diesel particulate filter

DME: Dimethyl Ether

SCR : Selective Catalyst Reduction
VCO: Valve Covered Orifice
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Fig. 1.1 Progression of European emission standards for diesel engines ‘"
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Fig. 1.2 Progression of worldwide fuel consumption standards for
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Fig. 1.8 Simultaneous visualization of cavitaion and liquid jet interface®
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Fig. 1.9 Images of cavitaion and liquid jet with a 2D nozzle and a cylindrical nozzle ®
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Fig. 1.21 Elementary processes of cavitation flow in multi-hole fuel injector
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Fig. 2.1 Experimental setup
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Fig.2.6 Cavitation in nozzle and jet
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Fig. 2.8 Effects of R on cavitation thickness W¢
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Fig.2. 9 Contraction coefficient Cc
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Fig. 2.10 Cavitation length L. vs. modified cavitation number 6¢

30



4 21112, WRAARME i OME A4 FE 0 123 DM FLA N O g8 R OB A R,
BREV &2 ERSERA—N—=F vy T — a3 (07<L./L<1) (2725 &, HRIKME
AEOIIRED, SBIIVELEASEDLENA R I T v 7 L2 T o IEED
T4, WAAQICHWT y PEETDH RIW /NS RV, RIEERA 0 O
Ji VTR 22BN T, mRKOMEE LIV /NS V OFEMFETRT. ZHFEL
NIZEWF v BT — 2 a VBB S, KERIRIREROZE A5 &k 2 S URIEE
WA ONRKEL2D72DTHS.

40
—--R/W=0.08%
-+ R/W=1.0%
30 r --R/W=4.5%
-=-R/W=6.5%
-4-R/W=13%

-+ R/W=20%

0 [degree]
N
o

10 20 v [m/s] 30 40

Fig. 2.11 Effects of R on liquid jet angle ©
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Fig. 2.12 Moving imaging Region
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t [us] 0 66 13 . 198 264 330 396 462 . 528 594.
(2) R/ZW=0.75% (R = 30pm), V=16.7 m/s, Vcore=27.8m/s

t [ps] 0 66 132 198 264 330 396 462 28 594
(b) R‘'W=6.5% (R = 260 um), V=19.4m/s, Vcore=29.5m/s
Fig. 2.13 Moving images of cavitation and discharged liquid jet
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Fig. 2.14 Zones for moving image analysis
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Fig. 2.15 Cavitation cloud images

(R/W=0.75%, V = 16.7 m/s, Vcore = 27.8 m/s)
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(a) Original images (b) Binary images
Fig. 2.17 Liquid jet images

(RIW=0.75%, V = 16.7 m/s, Vcore = 27.8 m/s)
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Fig. 2.16 Cavitation cloud images

(RIW=6.5%, V=19.4m/s, Vcorp=29.5m/s)
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Fig.2.18 Liquid jet images

(R/W=6.5%, V=19.4m/s, VCORE=29.5m/s)
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Fig. 3.1 Experimental Setup
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Fig. 3.2 Schematic of a 2D nozzle
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Fig. 3. 3 Cavitation in the nozzle and jet
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Fig. 3.5 Effect of L/W on cavitation length Lc
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Fig. 3.6 Effect of L/W on cavitation thickness W¢
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Fig. 3.7 Effect of Lc on jet angle 0
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Fig. 3.8 Captured regions
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Fig. 3.10 Cavitation and jet images (L/'W=4, V=15.9m/s )
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Fig. 3.13 Cavitation Cloud Images (L/W=2)  Fig. 3.15 Cavitation Cloud Images (L/W=4)
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Fig. 3.14 Liquid Jet Images (L/'W=2) Fig. 3.16 Liquid Jet Images (L/'W=4)
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Fig. 3 19 FFT analysis of ag(t)
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Fig. 3.20 FFT analysis of oy(t)
(at atmosphere)

60



5 FLD
WEFLENEIR D IRIT ) ANVNF v BT — 3 v IR O AR L Z 4TV, LU OfE

T
(1) L/W=2 OREFLERE ) XV TH, EALENREW . AL (L/W=4 kT 6) LT,
¥ BT —v g VR IORFREEINRE <, BERAITIRE V. FHIUERRETHF v &
T—a UPNETROWERAETS, RHBICEE)T 2 RIBES S O A AL P
725728, MERRAITBHEICRE <25,

Q)L/W=6 OMEFLENEV AV TIL, FYET—a r EIOLEHH/NIIV. FrET
—¥ 3 VERIESEILI O E TRE T A A — 3 —F ¢ BT — U 3 IREEDMEIA
TR BNTHERE L, A Fr Uy 77U PREEICER LI .

(3) L/W=2 DMEFLE S HE /) AV TIE, ZE LT KB 2GEN B ST, Sy ET
—¥ g UVRIABEH B ICEAN AT A Y b T b - Py ORI D

MFETEL, FEEREAEES LY RE 2%y 7 —3 3 VRIERED 1. 3kHz OIRE R
OB S, EILHAOLSKHENS. ZOEE, K&y e Tr—ra URIERE
RO KRB SRS 2 1. 3kiz DR U < EEHE CRRICETR S+,
A A EIIREL T D,

@) ZE LTERIENER SN D L/W=4 OMEFLEIDREV AV T, EAANTREE S
FEEE DAV NS W v BT — 2 3 URUERER I B — 7 IR S iEE
R o To i BEC THRUE S, T AVANRIRIE R O S A S T/ NN AT S

5.

61



54 B BN v BT — 3 3 v & HRIRMERIC S F TR

4. 113 Ui

UTAEIRBIN SR L TR VMR Td 5 /31 45 4 — B UREI) 00 LIS o JFUE
D BAERATRER Y A TV E—T )Lig EOMRIREICONTER ST b, Z D7 DR
B B OME TR & i LIZBFZE AR 2 b Cns. THLEE, X454 —F
JVIREHZ, @i sl CIRFRR M DR BB E 2 B 95 . 2 D72 OMEZE ORI 1S
DAIVEZERN~OLEZEADBINZ B, £ OREFEFIM O R & 2SR | R S
ND 7= OMEFIIREFERES R T2 Z L 2 WG LT 5. Lai 5%, XEHAWT/
RO LI DR DU IRME R O SR & LR L, RISV 351T 2 @ & ELITE~ D
W3 AT 4 —BVBRE T L W B<ND Z L2 WEL T D, 5P 5,
VAT N T —T TR R THOMCER L, TRV AT NZ—T AV
~ DIRFFEIMOMEF I IEHT 2 2 L2 HmE L TV 2.

LU G, #hx RIERETER L ZVNDOF v B 57— 3 v Lg% Rk C
& DHEE 2 O TR i & & BRI L72AFRIID 720, Ry BT —2a v
DR GF ¥ BT — a UXIAREOIH, FEO S TORMBAGICE 2RIZE L T,
TRAR DI 2 LU U7 B sII A T Hau7au.

ZZTCTARETIE, WMAOMEEICBEA LT AVNF Yy ET—Y a VORENSLF v E
T— g VERIREEO R O v B a3 VISEIRIC G- 2 B B A RS 5720, Wit
A2 D2 RIAZ VT 2 IRIT / AVNDF v ©F —3 3 > LIRS 2 ATk

i L IE BRI R 24T - 72

62



4.2 RERHIE
4. 2. 1 EBpiEE
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LB R V 2L 7P HEIC L VRE L, EWZRT 7 U0 2D ) A6 iR -
WIEDKDPA~EH ST, WRIRHREIL ) AV EROBKICRE L2 ) AV XF o4
Uit Eit(Keyence, FD-SS20A), MEHEIZMEFL LD / XV NOBFEERIZERE L= 7L
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Tank Spray ‘

Nozzle

® :Pressure Gauge
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Fig. 4.1 Experimental Setup
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4.2.2 iR

FARIZIE, RS 10C, 30°C, 50°CDOAKEK, 200CD Y A A VT 9C O
RO, BTAROUIEEZ R 4.1 17T, BREE v OB AR 572012, KITE
FE T % 10°C 5 50°CICZE 2 72, BHRERE v 1309 2 fi%, BORIZRAUE Py 2509 10 5251695
0, B p ERMEET o OEGIT/NI V. KifiiR)) o & B v OFELHET 5720
v art A GV 2, KE96L-1cs) & Wiz, v U A L OBEE oL
X 30CHOKEIZIER U T, REIES o 1RO 1/4 THD. >V A A LORERS
o [T L IZIEF UC, BERGEL v (ZMOK 13 TH L. KE U asFA Oyl
1345 % TR DFITIES < BT 2 SRmZz AV, DA RH IR S -k
PIRF OfE A HV-.

Table. 4.1 Fluid property

Fluid Unit Water Diesel oil | Silicone oil
Temperature T K] 283 303 323 282 293
Surface tension o[mMN/m] | 742 7.2 68.0 23.7 16.9
Density o [kgm’] | 1000 996 988 831 816
Kinematic viscosity v [nm’s]| 1331 | 0810 | 0558 | 3412 1.000
Saturated vapor pressure | Py [Pa] 1270 4300 | 12500 400 680

64
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Front View Side View

Fig. 4.2 Schematic of a 2D nozzle

65
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Fig. 4.3 Definitions of L¢c and W
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=Xy BT —Tal) . LUV 2 S DI S5 & HEE L 7ot snE FLEE
HC AT TR L SN 2vwong Ra ) vy 7 70 o A REBIC2 5.
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Vimis] 104 114 144 169  17.9
(a)Water at T;=10C

Ty

Vim/isl 104 114 134 169 174
(b) Water at T;=30°C

LEEEY

Vim/s] 9.4 12.4
(c) Water at T;=50C

TTTTT

11.0 135 16.3 26.2
(d) Diesel oil

VIm/s]

Vimis] 9.9 111 124 191 194
(e) Silicon oil
Fig. 4.4 Cavitation and jet of various liquid properties
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Fig. 4.5 Vertical distance y/L vs. Cavitation thickness Wo/W
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Fig. 4.7 Kinematic viscosity Vi
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Fig. 4.8 Surface tension G
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Fig. 4.9 Cavitation length Lc/L vs. liquid velocity V
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Fig. 4.11 Cavitation length Lc/L vs. Modified cavitation number oc
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Fig. 4.12 Samples of image processing

(6)30°C
V=16.9m/s

(©)50°C
V=15.9m/s

(d)Light oil
V=24.9m/s

Index

(e)Silicone oil
V=16.1m/s

Fig.4.13 Binary images of various liquid properties

73



!0.50

10.25

|

>

" g
5
; Lk
(@)10C (b)30°C (©)50C (d)Light oil (e)Silicone oil
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