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Effect of Slit Diameter of Annular-Slit Confined-Feed Nozzle and Gas

Pressure on Powder Characteristics in Gas Atomization
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Yoshinori SUMI, Shinsuke INOUE and Koichi MORI

Synopsis

Additive manufacturing (AM) such as laser beam powder bed fusion is a manufacturing process that can provide more design
freedom than conventional processes while reducing material waste. However, the high cost of the spherical powders that
are the raw material for AM is a barrier to its replacing the conventional process. Due to the requirement for specific powder
characteristics such as flowability, bulk density, size distribution, and particle morphology for AM, gas atomization is a major
manufacturing process. Therefore, in order to increase the yield of AM powder to reduce the cost, it is important to optimize
process parameters in gas atomization. However, the effect of atomization parameters, including nozzle design on the particle
morphology, is not adequately known. In this study, the influence of nozzle inner diameter and gas pressure on particle size and
circularity were investigated using two annular-slit confined-feed nozzles with different slit inner diameters.
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Fig. 2. Geometry of the numerical domain and the boundary
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Table 1. Overview of the experiments and numerical simulations.
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Fig. 3. Schematic image of the experimental setup.
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Fig. 4. Numerical contour plots of the gas density at inlet
pressure of (a) 2 MPa, (b) 3 MPa, (c) 4 MPa and

(d) 5 MPa.

Fig. 5. Experimental Schlieren images at inlet pressure of
(@) 2 MPa, (b) 3 MPa, (c) 4 MPa and (d) 5 MPa.

Mach number
0.00 0.80 1.60 2.40 3.20 4.00

o -
(-

w

N

N

Numerical Mach
number, M,,,

o

0 10 20 30 40 50 60 70 80 90 100
Distance from gas exit (mm)

Fig. 6 |2 CFD 2817 % 3 MPa & 4 MPa D&MD~ v
NEar s =%, Fig. 71230 (1) TRDA 7 XV
AR~ v N M, D ‘ﬁ%%h%hﬁ?‘ M, 3E

T&l), WAHmPY DL EA, 3 MPa D5 T
WA ABEHO25 43 mm, 4 MPa O 4FTlid 50 mm (2
MELTWS., F4MPaDOEMBEIIBIT LTy NT 1
AZ71E 75 mm A5 80 mm DALE IZFFFE L 7.

Fig. 8 ICE M =& THEU L 72O~ v N M D57
ﬁ%ma‘. 3MPa & 4 MPa DEMFIZB VT, FALAD
LBOBD 42mm & 47mm Ty N FIEa Lo
2. TOMERIZCPD I L AETHRME L ITVEE 72> T
5. F724MPaDSEMIZ BT S 69 mm A5 75 mm L iE
12, 3MPa DI A LNV~ v N ZE A
DBEEI N, 2O 9 NBOERADIL, CFDICALN
T2RIONTAAZICHIGE LT b EHEINL, T
AAMORSLX v NEAE IR 08, Yy NT 4 A
7O BAE E TORBEICOWTIE, BRE 10 % 12
FECTHHETETWLEEZLNS. —T, 3 MPaDiiiil
2B 5~ v NG A ORI R W—3R R L T,

WIZ CFD & FEEREDOWS =) D ik % Fig. 9 12777
ME O I~ L TR, U7 AET] Py S
4 MPa {35 £ Tld P, 2504, Z LA HE N4 2 @A)

FE LT 5. FERRTIE Py AS3.0MPa & 3.3 MPa
DT P, OB WA NI,

w

(b) 4 MPa

Iy
" Reverse flow M
A

0 10 20 30 40 50 60 70 80 90 100
Distance from gas exit (mm)

N

N

Numerical Mach
number, M,

o

Fig. 7. Numerical Mach number profiles along the geometric centerline of the nozzle at inlet pressure of (a) 3 MPa and (b) 4 MPa.
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Table 2. Atomization parameters and results.

Run D P, GMR dsp Mean circularity (-)

no. (mm) (MPa(g)) (-) (pm) C1o—15 C15-25 Cz5-4o C40-60 Co‘o-go
1 23 1.4 3.8 38.8 0.93 0.90 0.88 0.85 0.81
2 23 1.8 4.2 37.2 0.93 0.90 0.88 0.82 0.80
3 23 1.9 3.7 38.5 0.94 0.92 0.89 0.84 0.79
4 23 2.1 5.3 31.6 0.95 0.93 0.92 0.87 0.86
5 23 25 4.8 33.5 0.95 0.93 0.91 0.88 0.86
6 19 1.5 3.2 42.0 0.92 0.91 0.86 0.75 0.73
7 19 1.7 3.2 42.0 0.95 0.92 0.91 0.85 0.76
8 19 1.9 4.2 36.2 0.97 0.94 0.92 0.88 0.84
9 19 22 3.6 39.0 0.92 0.91 0.87 0.90 0.81
10 19 3.0 47 34.1 0.96 0.92 0.90 0.87 0.82
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Fig. 11. Effect of inlet pressure on gas to metal ratio in the atomization experiments (dashed line indicates pressure value

that results in deep aspiration pressure in the numerical simulations).
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