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Effects of the Internal Flow in a Nozzle Hole
on the Breakup Processes of a Liquid Jet
(2 nd Report: Effects of Geometric Shapes of Nozzle and Ambient Pressures)
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The purpose of this investigation is to clarify the breakup process of a high speed liquid jet. In early
researches concerning the breakup mechanisms of liquid jets, it has been asserted that the disintegration of the
liquid jet was induced by the interfacial force between the issuing jet and the ambient gas. Researchers including
the authors, have reviewed the relationship between the internal flow and the issuing jet characteristics, having
views upon the internal flow in the nozzle hole. And it has been clarified that the disturbance in the nozzle hole,
for instance, the cavitation phenomena, hardly contributed to the disintegration of the liquid jet as a new concept.

In order to survey these mutual relationships, experiments were performed under conditions ranging from
decompression (0.008MPa) to high (3.1MPa) ambient pressures using transparent nozzles with various ratios of
hole length to diameter L/D, inlet shapes of nozzle holes and a wire netting over the inlet of the nozzle hole on
purpose to give some disturbance to the liquid flow.

As a consequence of this study, it has been established that the atomization of the liquid jet was induced by the

disturbance of the liquid flow resulting from the cavitation phenomena.
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(Effects of the hole length)
(7



103 fxift  Vol.5-3, No.11 (1996)

VAL dB

Vibration Acceleration Level

10

20

LID=4,D=0.5mm,APi=1 OMPa

Nozzle-R

3

(a)Pa=0.1 MPa

Nozzle-S

Nozzle-S

Nozzle-R

(b)P,=3.1 MPa

Q=16.1 cm3/s
Nozzle-R : Q=29.8 cm3/s

Fig.5 Internal flow in a nozzle hole and disintegration behavior of jets
(Effects of the inlet shapes of nozzle hole)

120 , I
Nozzle-S,R 0:Nozzle-S
L/D=4 A:Nozzle-R
D=0.5 mm

100 }|—P4=0.1 MPa

80

o)
—ad 25 )__J)_o-o—o—o%'—‘

60

40

0.05 0.1 0.5 1 5 10 30

Differential Pressure of Injection AP; MPa

(a)Pa=0.1 MPa

Fig.6 Effects of the inlet shapes of nozzle hole

dB

VAL

120

Vibration Acceleration Level

I
Nozzle-S,R
L/D=4
D=0.5 mm

100 }|—P4=3.1 MPa

T ]
0: Nozzle-S
6 :Nozzle-R

1
80
- s
F—OO——< =4
60
40
0.05 0.1 0.5 1 5 10 30

Differential Pressure of Injection AP; MPa

(b)P,=3.1 MPa

on the vibration acceleration level VAL

(8)



ANKEMHTH L LA DP5.

3.3 &M LIMARDERAN OME D
FT5OER

NI TRRTELERDIS, BILAO R OBEE
HEFO BRI LTI RN ZRTFTH S I Lo
AbhA. R, TOZLEEIOLLDIC, BILA
OELIC&@% Ry, BILAOHTMICEE cH#ExX 5
%, Nozzle-STMFANT L A VBN AL L2 VEBERE
ATICBI 2HEMOTHER % A

H7 &I X 2HT~ O HFEO 5, EILAD
MO LEHOSHREBICRITHEELRL, K
SIKVALICRIZTHEERT.

7L 0 &\TRIEVIEES, BT EACHEN
ILLTBL Y, RSDVALDEIZ/IE W, T L,
EHTBRVIDLERMOEROERTENRETHEL,
FITHXYUET—Ta v RETL. TOHER, W
ICHEAE L, ERSRNLL2VWRERER TS
WT HBNALIMEEEI D X I b, T7-, F8k
D, VALOERAP,DBINCHVAE (2oTWS.

CORRLY, EROBNALIIEILA O T OHE
KEoTREENZ LW T EFHETH .

-
N
o

T [ I
Nozzle-S &:With Net
L/D=4 o:Without Net
D=0.5 mm
100 |—P5=0.008 MPa

[+-]
o

BN U N

2]
o

Vibration Acceleration Level VAL dB

40
0.05 0.1 0.5 1 5 10 30
Differential Pressure of Injection AP; MPa

Fig.8 Effect of the disturbance given
by wire netting on the vibration

acceleration level VAL

9)

#afe  Vol.5-3, No.11 (1996) 104

Without Net With Net

=

-re

1o e AP 22 N EWTIN 3= rgAT Wb

SRS

S e e e S R

5

i
5

f

Nozzle-S,L/D=4,D=0.5mm,
AP=1 OMPa,P_,=0.008MPa

%Without Net : Q=16.1 cm3/s
With Net  : Q=15.3 cm3/s

Fig.7 Internal flow in a nozzle hole
and disintegration behavior of jets
(Effect of the disturbance
given by wire netting)



105 fexifk Vol.5-3, No.11 (1996)

4.5

J X)VIEFLAOTIRIRE 2 Z{b &2 - 012, MEIL
HE, BIAAOERBIURHSEND ZHE 4 ICBLE
¥T, BILADTN L EH O SHER IO W THEN:
R UToZLHLIck o7k,

(1) BE, KREXHK T THILEFEEVEE,
BILAK FYVTF—¥ a3 vy REET, BHEOEHL
BRI A BN L2, Zhicd LTHRILEESE
VWBA, BILAICFY YT —2a VARE L, B0
N LAREEND,

(2) BERAATCHBEILFEORECEKS T, ©
LRCF YT —a VI REL, BIEOBNILIMR
#ENED,

3) BRI FYET— T a v OREICEHHRD
BELE T, BREZEKATICBL TS BB
Bidiz e A YRS 2,

(4) BMIFANILALBNALLE WREZBEITICS
WT, MicEE 252 5 LEFOBNLIZEES N
3

(5) mmOBNALE, HitFAEI AL OBERLIY L,

BILAOMHOBEIC L o THEENS,

M

AR B HShIE4 K ERE BHE FN

B, EH EE (B FHERE) CHETET.

BEUR

FEAK - FH - BE | BAETO B LARL /X
VA DT, #3RB, 56-528(1990-8), 375-381.

(2)H. Hiroyasu, M. Arai and M.Shimizu . BREAK-UP
LENGTH OF A LIQUID JET AND INTERNAL FLOW
IN A NOZZLE, Proc. ICLASS-91(1991), 275-282.

(3)Z.Huang, Y.M.Shao, S.Shiga, H.Nakamura and
T.Karasawa . THE ROLE OF ORIFICE FLOW
PATTERN IN FUEL ATOMIZATION, ICLASS-
94(1994),86-93.

(10)

(4)C. Soteriou, R.Andrews and M. Smith . Direct Injection
Diesel Sprays and the Effect of Cavitation and Hy draulic
Flip on Atomization, SAE SP-1065, 950080(1995),
27-52.

G)EA - BH - HK - BE | BEETEORN AR
CBLITTHEILAFhOKLE (F—#, IMEEL >
P B ) XVIEILAOREL O BlzE) |, ki,
VOL.5-2, NO.10(1996), 4-11.

O)EAR - TH - K - BE | BREmORNLARE
B LT TRILATRNOKLE, #3#R, Vol. I, 940-
30(1994), 70-72.

ALk  B¥F ROV A7 AR, 30 T4,
(1975), 235.

BE

BN (SHEER)

#@ (5) I2onT, BB FYETF—Tavo
AHMBREH LMCT S0, WEALEEDZE LI
T AL DB LE, FXYETF —T a3 yOELicxT
BRNALD AL & DHEA T2 E N iT T2 B,
AFRICB VT, BEKCOVTIRHEEIEIRTV 2
ARIEOEBITFE &2 {, M—FHRENOZEIC X
AN LIRIROZE LD &, BHER L OME/ERORE
FHEHELTVEORTH S, LA oT, AifRndl
BATIIERRG L OBBLY b, Y7 —va v
PEEHE THICIERNDHD OTIE W,

| %

A EAP R B A200MPaZ THEAL ST H,
AVEILAICF YT —3 3 Y ORECHE D R0k
AL 2L, BRI E A LB L v w
SER (FE—#, W (5) ), BITERRIORSD
MICRT &5 12, Hit e AERAL OMEEHAIK
EARAIBEFHARTIRBWTYH, 2 AVEILAICH
YETF—TaviaR&ELLZW) X))V (Nozzle-R) Dif
&, B OBKALIRIZL A LRESRZ V&) R
»h, KRIOERO)ELNT T.



Rk Vol.5-3, No.11 (1996) 106

EA i Wk IERI

[LBARE - K% - T4 VMR - TP - %42

7 F F737-01

BEHESTEEY LB R R BIS-1-3
RBELER R Tel.(0823)71-9171

F739 Fax.(0823)74-5133

L BREIL BT $I14-1 BEHEE | 1965%F B KFETH¥
Tel.(0824)24-7566 WM TR
Fax.(0824)22-7193 & AR T O fhL L,
BEHE | BIE, [hEKEKY¥ 74 —CIVIEEICET A5
B T2 7o HE - 10 5RAS IZHEH,

\IE 2.

ARSI O kA b B T

T B EFFICGEH.

THH A BL 1z

LEKY - TH5 - Bh#ds
T739

L BREILETHIL14-1
Tel.(0824)24-7562
Fax.(0824)22-7193
B&HE | 19804F [LEBKFEK
B T RFHEL AR
BT

BEOL —HICH - EgE
#l, fhfbgtE, 74—
WVIEE, UV URRBRAR
R B ARFFE I E.

IEEKYE - THR - &%
F739
LEBRELEmHEIL14-1
Tel.(0824)24-7563
Fax.(0824)22-7193

BEEE | 19624F AL KZFEKF

Bt iR s TR, () &
WP BFIERT 28T, 19694F
LY ILEREHIR.

PREET %44

(11)




