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ABSTRACT The behavior of the flow about gas atomizers with a supersonic nozzle containing
an under-expanded or over-expanded jet is very important with respect to performarce and stabi-
lity characteristics. Since detailed experiments are expensive, computational fluid mechanics have
been applied recently to various relating flow field. In this study, a higher order upwind method
with the 3rd order MUSCL type TVD scheme is used to solve the full Reynolds Navier-Stokes
equations. To delineate the purely exhaust jet effects, the melt flow is not considered. Comparison
is made with some experimental data in terms of density fields. The influence of the exhaust-jet-to-
freestream pressure ratio and the effect of the protrusion length of the melt orifice are studied.
The present study leads us to believe that the computational fluid mechanics should be considered
as powerful tool in predicting the gas atomizer flows.
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Fig. 1. Geometry and computational domain for the
calculation of the gas atomizer.
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Fig. 2. Schematic diagram of compression and expa-

nsion wave patterns for (a) over-expanded jet and (b)
under-expanded jet.
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Fig. 3. Geometry of the Unal's nozzle (IN3/ON7) and
wave structure of an exhaust jet.
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Fig. 5. Comparison between (a) Schlieren photograph
and (b) computed isopycnic contour for the Unal’s no-
zzle (IN3/ON7) operating in argon at 1.65 MPa (P,
/P,=3.7).
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Fig. 7. Calculated isobar contours for the each case
of (a)P/P,=12, b) P/P,=1.58, (¢) P/P,=2.1 and
(d) pressure distributions along the centerline; Issac’s
gas atomizer.
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Fig. 11. Calculated (a) velocity vector field (b) iso-Machs (c) isobars and (d) isopyenics; CNU gas atomizer,

Nozzle 1, P/P,,=3.7, PTL=0 mm.

ZEQl XF 20 visiAe 2T Al dF A=ein)
7t 357 8L 4% £ AAF D=6 mm,
48 27 8 2AE D=11mm, 7}~ =& &3
A E, Dy=12mm, 72 xF &7 8pPEAE D=

F4 xF A 124 mm, F4-9A rFql H

134 mmo]a §% 52 #He] PTLL 0Ommel4 6

mm7tA] 1 mm 2F4.2 8 WA A7 A Arsteck
OF 10049} 7] Aab dde FF7] FAS

Hlgko & 30 mm, Wb HHEEe 2 20 mm7lA| 2 &

70X609 AAAE ARSATh Y 1o FR #
EAL 457 sle] 45 Wl E v 5

Ftell yuksko 2l HALE WHAA A A4S

2ol e) A7y AR A4 W ARHe o

e g A5 Az A Y] AR DAk el

A & 5% drese) 45 AL ARES Fol7)

Ad dd AzAl A Rz FARE B

3 103} o] A8 HzbA(adaptive grid system)

}j.

J5te] Al4kg) ol HE AzAE P,=57]
°J°]~J- S5 %';T_" =% 97} 0mma) 73‘r‘°ﬂ A #
Cartesian ZAA}A AelA 15 T & AAE &
A& uje} —1%"]1 7o}

o3 118 849 2979 2% Zo] PTL=0mm<!
Aol A A AREH F4 xEQ FE
1S A4 Agolrh o] 2¥L P=707194d
P=36967|4kq] ki 33 AEs} Balge] §4%
e Supsta, SobeE4l, 28l SUYRHL B
&k okx ¥l Unal, Issac®) B-F-7)ebe 2=
CNU 7} BEF7|le =% 27 WHo) 48 =7
WA wle] =) zfo} A Mol FAN HqF
22 &3 259 vl AP ddelnt viepdrd.
27 11(c)ell Bal sje} zdo] A AAH A #

e FF AT A4 9% Y Bk 2ol ¢
o] 0.871347HA] WAL eAlF FAEol| A wht
1571%e] gk F4e olgwh I3 1@ O

Vol. 2, No. 2, 1995



130 THE - A - AT

(c)

(d)

Fig. 12. Calculated (a) velocity vector field (b) iso-Machs (c) isobars and (d) isopycnics; CNU gas atomizer,

Nozzle 2, P/P,,=9.41, PTL=0 mm.
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Fig. 13. Calculated streamlines for the each case of
(a) P/P,=0.53, (b) P/P,,=1.58, (c) P/P,,=2.64, (d)
P/P,=3.7; CNU gas atomizer, Nozzle 1, PTL=0
mm.
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Fig. 14. Variation of pressure distributions and velo-
city distributions along the centerline of the gas atomi-
zer; CNU gas atomizer, Nozzle 1, PTL=0 mm.
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Fig. 15. Voriation of pressure distributions along the
melt orifice base; CNU gas atomizer, Nozzle 1,
PTL=0 mm.
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Fig. 16. Variation of isobar contours with protrusion
length of melt orifice: (a) PTL=0mm, (b) 3.0 mm
and (c) 6.0 mm; CNU gas atomizer, Nozzle 1, P,/P,,=
3.7 (2,/P,=17.0).
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Fig. 17. Variations of aspiration pressure with protru-
sion length of melt orifice for the converging nozzle;
CNU gas atomizer, Nozzle 1.
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Fig. 18. Variation of isobar contours with protrusion
length of melt orifice: (a) PTL=0 mm, (b) 3.0 mm
and (¢) 6.0 mm; CNU gas atomizer, Nozzle 2, P/P,,=
37 (P/P,=1.0).
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Fig. 19. Variations of aspi_l-'.a'tion pressure with protru-
sion length of melt orifice for the converging nozzle;
CNU gas atomizer, Nozzle 2.
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