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ABSTRACT

Effects of cavitation and hydraulic flip in circular and elliptical nozzles on the flow characteristics
have been studied. Spray tests were conducted using injectors with different ratios of an orifice
length(L) to a diameter(d) and of a major axis diameter(s) to a minor axis diameter(b). With the
increment of an injection pressure drop, discharge coefficients slightly decreased in cavitation flows,
and those suddenly dropped and were almost constant in hydraulic flip flows. For elliptical nozzles
with L > 8 and L/z < 8, discharge coefficients and flow patterns showed different results from those
in previous circular nozzles. When a flow in the elliptical nozzle was under steady condition, as the
liquid column went downstream from the nozzle, its spray angle a little decreased in the plane of a

major axis and increased in the plane of a minor axis.

2 ATNME 98 =2 BUd 2 o8 FEAT FYHA @l FE5A of
AeS wx=x geotstua s olE s eEds 2

Ml@b7t A2 o BAZIES ARstel BRAde
AL A FFAFTE AME Zastd o FER7

{0l
e

)

ny

o

=

S

S

to

’ o
o

ot

8

N

fo

1o o ofN &

Eal
YT LAY F7tol g FEH
e i z

feorr Y o O oo po

P Re FATS FAAAT. AAT BAY 2ol FEAB@DH VIARO O¥l 2292
ole) Wel Lot 8 o4, Lk 8 ol3kl A%, F3AF R AAAE I sz 4Y w2%
433 BE AnE Ui A4HE S0 9 BUE =34 BAE 9FE 98 =33
9 HRE HEA FFNAE $RZ0] Zadtgon BEAAL BRZ0] AXE &g BTk

-
a

ol

)

Key Words: Circular Nozzle(¥¥=%), Elliptical Nozzle(E+ ), Cavitation(3-5373), Hydraulic

Flip(5-2 %1 7), Discharge Coefficient(+ %74 5)

Received 31 October 2016 / Revised 19 January 2017 / Accepted 25 January 2017
Copyright © The Korean Society of Propulsion Engineers
pISSN 1226-6027 / elSSN 2288-4548

Nomenclature

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
[licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.6108/KSPE.2017.21.5.019&domain=journal.kspe.org&uri_scheme=http:&cm_version=v1.5

20 588 - ¥85® - AWS SIEFEISEER|
A : orifice area FAEoY BHYd soE ARt dATEL
AR : aspect ratio, a/b At Yunyi S[4]2 BHEE &S o835t A
a  : major diameter of elliptical orifice & " g3 #3 AFE FYsto, B @G

: minor diameter of elliptical orifice oA EF7Ze FHVF AAE EEIAde B
Cd : discharge coefficient FSole &5 fastes Fua @S
d : diameter of circular orifice A kA o Kasya ShElS B34YE =& 7=
L  : orifice length HFH AAAES] Z2atdn EFddolo WIE
m  : mass flow rate BT BYd =E Fux de 2f
AP : injection gauge pressure v 2=0] Fnet HAo Mg o) B IF
AP’ : standard deviation of injection pressure S wom, AAANE EE€& ZXANIE A& T

26 : spray angle
o fluid density
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Fig. 1 Schematic of experimental set-up.

Circular nozzle  Elliptical nozzle

P s

Fig. 2 Schematic and photographs of injectors (left:
circular nozzle, right: elliptical nozzle).

Table 1. Dimensions of orifice design parameters.

4b | a L L/,
(o] | [o] | o | LA

C-1-10 | 05 0.5 5.0 10 10.0

Inj No. L/

C-1-05 | 0.5 0.5 2.5 5 5.0

E-2-20 | 05 1.0 10.0 20 10.0
E-2-10 | 05 1.0 5.0 10 5.0
E-2-05 | 05 1.0 2.5 5 25
E-3-30 | 05 1.5 15.0 30 10.0
E-3-10 | 05 1.5 5.0 10 3.3

E-3-05 0.5 1.5 2.5 5 1.7
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Fig. 4 Discharge coefficients as a function of injection
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Fig. 7 Liquid column images in the major axis’ plain
from the elliptical nozzles (from top to bottom:
E-3-30, E-3-10, E-3-5, from left to right: 4P
=1,3 5 7, 9 bar).
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Fig. 8 Liquid column images in the minor axis’ plain
from the elliptical nozzles (from top to bottom:
E-2-20, E-2-10, E2-5, from left to right: 4P
=1,3 5 7, 9 bar.
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