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Pressure Distribution around the Melt Delivery Tube for a Confined-type Gas Atomization Nozzle

Tadashi Fukupa, Mutsuo Naxkanisur and Toshihiko Kuso

Synopsis : Gas flow characteristics in the gas atomization have been studied to design atomization nozzles for fine powder
production preventing blockage. A conical jet flow is formed for the confined-type atomization nozzle that has a melt
delivery tube protruding into center portion and discharges discrete gas jets toward the geometrical focus. Converging
around the geometrical focus, the gas jet flows vertically downward with making vortices and reverse gas flow beneath
the melt orifice. The stability of atomization is determined by the pressure at the melt orifice and vortices’ size, which
vary with protrusion length of melt delivery tube. Molten metal fed out of the melt delivery tube spreads into the
conical gas flow region, and is pulverized near the geometrical focus. When the protrusion of the melt delivery tube
is insufficient, horizontal flow of molten metal along the end of melt delivery tube is formed, resulting in the blockage
of the nozzle. In case the atomization nozzle has larger apex angle, upward gas flow along the outer surface of the tube
is observed in spite of suction pressure at melt orifice, leading to an unstable gas flow due to the adhesion and growth
of molten metal droplets. The suction pressure at melt orifice can be explained in terms of Bernoulli's equation.
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Fig. 1. Schematic of atomization nozzle used in this
study.
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Table 1. Dimensions of atomization nozzle used in

this study.
No. type o Dn(mm) Dc(mm) _dn(mm) N
-1 B 20° 22 16 1.0 20
®-2 B 40° 22 16 1.0 20
®-3 B 50 22 16 1.0 20
D-4 B 65 22 16 1.0 20
®-5 B 90 22 16 1.0 20
-6 B 100 22 16 1.0 20
®-7 B 120 22 16 1.0 20
@-1 B 20° 21 16 0.7 18
@-2 B 20° 21 16 1.0 18
®-3 B 20 21 16 1.2 18
@ B 30 22 16 1.2 20
@ o] 30 13 12 1.2 20
N:number of gas nozzles
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Fig. 2. Schematic of pressure probe experiment for
gas atomization.
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Fig. 3. Schliren photograph of gas only flow for an
atomization nozzle type B.
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Fig. 4. Pressure distribution in gas jet cone region
(pressure probe II measurement).
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Fig. 5. Photograph of molten metal atomization
taken using high-speed VTR of 0.1ms dura-
tion.
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Fig. 6. Effect of melt delivery tube protrusion on
the melt orifice pressure.
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type B’
dn=¢1.2
Delivery tube=¢ 11.5 |
a Protrusion

30 =20mm

40" , 50" =15mm
65" , 120" =10mm

o Po=1.1MPa
A Po=2.1MPa
o  Po=3.0MPa |

20

4

P 5 (kPa)

|
50 700 150
Apex angle a (deg)
Fig. 8. Effect of apex angle and gas pressure on the

annular space pressure of the atomization
nozzle.

272, ad’100° L120°DFH A, EH v —7" 1 OREHE»
GH AN LEFIIRS EHT2HBHEEI NI,

FITHEBERBOY ARNWFHE 2T~ 5129, R/
KD L% PR R - TRE RS, EHP1.1~ 3.0
MPa® 7 v R 24 L T, IB5E LV AEGHER L
DLRRFEBRDE N DRTAE AT 2EP, P HIE LICKERY
Fig. 8 i7" T, ad™I50°L b K& WA, P IMESEN
SOTFTIEDMEZRL TH Y, EEL R ZFD FTHS 2N
THEHEL OB ES 2 AR T 5 LR, —8RES
B> TEHCIRS EUPHIEIZ R 5 2 Ed oz,
6D L LESTAELHRIS0°L ) KE LAY RAD
—MWHIEHEWRE L O NERE EHICIRE B35y, mEEES
A2AD—EBRIBET b~=A4A XCHEFEbDN L EHEOD 5
T EWgholz,

A7 7 AN RIFRT b=A4 X Anizsd 5 IEESELOE D4 669

dn/2 _ dn
“eos(n/2-a/2) Zsin(a/2)

Melt_delilvery tube

T So=%- G- gEinasT
\ Gas fet AS=dn- AZ
\
\ , v A/ 5
L AS/So _ 2sin(e@/2)
\<7// - Al 7 -dn

Fig. 9. Geometrical illustration of the melt delivery
tube and gas jets.

4. EE

BHEROENET b= A4 ZBRIEOLREE R EY
5232t ERDLEIOTHY, BFBHEEHOIMDIES
RESNAIMBCOTHET 5,

WHEEHOCAEYERI N D, BEEOWTLE
A ARNVCTEHT 5 L5 RAERRCHEEATH Y,
EEE R 2 RN A F RARNYIEGE R 2 [ L T
WMLbDT, IBEEOHERLPZU R CEFZHRO ST A
FUZ " THEP I L THEHE L OBOEHNETT 5
rHEELONS, FHEORSH LI ZFEOM L
FEHET L ORGP/ T 2100, BRIy b H5E
BECL->TRU B THHAZRD B,

Fig. 3R LICH AN DO ED 6, Fig. 9 SR T &£ 5 12
EA R Y = v MIERAnOMEE O b 6 AMRdn R Ro 10 3
FIEGERELTHNAS LIEUT S, SOF ATy bOD
EHEWH T b b ERA K mOW I 135588 dn/2, £ &dn/
2/sin(a/2) DFEM &R L THIFES X (1) RTR3NLS,
I DM E~DELE DM EEPIBEGEORSHELED
B AZIZ & - TEALT 3EASKE, D LI IE B F R ER
B—HTaEXPLETAXMEE, Fig.6 onLicEdic
Pm#» Lmic st U TIHITERMC LT 2 KPS T 5 b
DERL LT, MEeHEMHDOERIN/2, WPAZE T 35 L
LT(2)XTHRaN3, (1), (2)X»oiBEHE L5 T
BEBORSHBLECHT 2 HEIZ(3)RTELEINS,

So= =z (dn/2) +{(dn/2) /sin(a/2) }

:n(dn/Z)Z/sin(a/Z) .................................... (1)
AS=dn=AZ ccerererteteni e (2)
(AS/Sp) /AZ=2-sin(a/2) /(z=dn) =++srerrrerennnenens (3)

WEERRIMET 2 & 5 CHEHFT AV TIMES LS L
RET L, EEROTHHEBEOEINC IS L TESY 2 D
WO L, BEERMOENET T2 L5, (3)
R L UL THEBRENADDE (AS/S,) / AZIZFEETFLER L it



BB 670 5> 5BVol. 82(1996)No. 8

50 T
£
=10r E
o I
= I
5.
N L
< 1
S
& o Po=3.0MPa
< o Po=1.1MPa
1 E
: Q 1
| s PR |
0.57%3 05 1

A(S/So)/AZ (1/mm)

Fig. 10. (AS/S,)/AZ versus APm/AZ for various
apex angle atomization nozzle.

HHAEILL > THREIN S, 2 2 TIIESFLEINIXE— L
LTESHREYE LT b =4 X7 v OFided % B
L7

Fig 10 iF & D s 1 LECAT 2 THHEEZADOEA
#(AS/S,) /AZ L BBEHOENDEEETORSHLEL
st 2 BALR(EHNE) APM/AZ L DR ERT. Z DK
B 6 EGHE S H73.0MPad &, APm/AZIX(AS/S,) /AZ
DIFIT2RIHBL TEILL T Y, X RFEEH (AS/S,) 4=
gl L ciaing 5 & ARCGE T AUEE S 25 E O 5 el L
TELT BNV A DEBCHEIRRE BT LAk
3, %72, EEENHT . IMPaD B QRIERERIE NS VX
EGH DD, I LRI L FKIZAPM/AZD(AS/S,) /
AZD 2 F BT 2 LAY 2, 202 L oFEEEHO
i, BREEOBENLCBACT ATy FEAT S
Ll o TEFEYERT 25, BEETEFESHTICIL
R o THAFNRDOIECHE TS ENBETOERCL VA
EEyPERanTeltFLLNS,

COBRPIEEEONROERED L CIZBEBHELT b=
XAt DORBILIZ L > THEAHRIIEMAL L ER
BEEVELNLTY DT, BETHOSTOARLAERIIE
BEWMORMI RN THRE 2 LELOND,

8. &8

BEOF AT b=4 X2k RS LVREOERERNT
B2 o FUEREOY AERYES LA ARNORFELS
SLTHRIL, 2 ANVEECBEL i AR RATEN
DOXEERF LI, ELHERIROEEL Y TD 5,

(1) LI MFLy GBS L 7oA R &2 v b 2 R
CHER LIRSS eV ARNCRS B LIERAT b=A4 X
AT, HEP A Y v bIRSRMAEATETDRL TH®

BN ERKT 5, FHEY» WM LIIEEE, —H#y
B ORI L2 KPR E) U T PSR RIS R A
- 121k, BOTESEETHILI NS,

(2)BEHEORIH LRI > TERDOENL 6 CH
A AFNDOKRE SHVEILL, BET b= XOLEEL
BHENOEEGR T CREELL 5,

(3)FEHEM N TOREERIIESE ZBET 54 A
NOMETHI S 0, HAEGRMEL O Koy AEGHLE
EEE OB BMRE THRE 3 W 5 IE5E (% O RAre) &
HARNORGTHREI N, BFEEOED L VIT b=
Z 7 R EEOTERE I SRR I v,

b4 B

1) Metals Handbook 9th.Ed.Vol.7, ed.by E.Klar, ASM, (1984), 29.

2) MTER, WEBkK, WHHEE g L#, 67 (1981), 541.

3) I.Anderson, HMorton and R.S.Figliola : Physical Chemistry
of Powder Metals Production and Processing, ed.by W.Mur-
ray Small, TMS, (1989), 229.

4) A.Unal : Physical Chemistry of Powder Metals Production
and Processing, ed.by W.Murray Small, TMS, (1989), 201.

5) M.K.Veistinen, E.J.Lavernia, M.Abinante and N.J.Grant:
Materials Letters, 5 (1987), 373.



