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On the Stability of Molten Iron Jet through
Various Shapes of Nozzles. .

(Study of the hydrodynamics of molten steel in tapping and teeming—III)

Yosaku KOZkE, Yozo Muto and Sozaburo O_kaO

Synopsis:
In the previous research (1b

Tetsu-to-Hagané vol. 44, 1958, p. 122.), the characteristics

of jets of some water solutions and mercury through the nozzles of various diameters and
shapes were studied, and the flowing property of a nozzle tapered at entrance and with a
short parallel straight part at outlet was better than that of normal one.

In this research, the flowing conditions of the molten iron through 20mm ¢ and 40mm ¢
practical nozzles were observed, and for both sizes of nozzles, specially tapered and nor-
mally designed types were examined. The results obtained were as follows:

(i) 20mm ¢ nozzle:

The condition of jets through both types of nozzles (specially tapered and normally design-
ed) were almost the same and seemed not to be turbulent at a high head (about 900mm).
The flowing properties of both type nozzles were different at a low head. Though the jets
through tapered nozzles were dripping under 200mm head, the jets through normal ones

dripping under 340mm head.
(ii) 40mm ¢ nozzle:

The jets through tapered nozzles did not show turbulence even at the 900mm head, but the
jets through normal nozzles were thought to be turbulent above 700~750mm head. The
dripping condition of jets through both tapered and normal nozzles were almost same at a
low head. The dripping range of each type nozzle was very small and could not be

measured clearly. .
(iii) Bubble enfolded by molten iron jet:

If the molten iron jet was assumed to begin enfolding bubbles at the same Reynolds number
Xv(kinematic viscosity) where the mercury jet began to enfold bubbles, the molten iron
jets through 20mm ¢ and 40mm ¢ nozzles began to enfold bubbles at 640mm and 580mm

heads respectively by calculation.

Though the experiments for higher heads of a ladle and errosion of. nozzle material have
not been completed yet, some considerations for design of nozzles and ladles were described
in conclusion based on the results of the previous and this.investigations.
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Table 1. Chemical analysis of samples.
Nozzle Exp. Composition (%)
type . No. C Si |Mn | P S
. No.1 | 3+64 | 1.57 | 0°51 | 0°078| 0-068
Special | Ngl 4 | 2910 | 1°50 | 0+45 | 0-111 0063
: — a
No.2 | 371 | 153 | 048 | 0-110, 0-071
\f . (
Normal | N335 | 358 | 1-37 | 0-43 | 0-093] 0-069
Table 2. Process of flowing tests.
N . T
meng | Nozzle form  (Tapping | during | Interval
mp. flow-test D :
number| 304 number T 7y | flow-test) &g
No.1 | 1430 | 13'20" | 10~30
[ (Specially | No.4 | 1420 | 13'25'" | 10~30
desianeq | NO- 5 | 1430 | 13'20" ; 10~30
-jaesign No. & 1400 12! 0" | 10~30
Iiﬁ2216 No.8& | 1420 | 12715" | 30~60
20 , ;
cvmm No.2 | 1430 | 15'45'" | 10~30-
Normally| No., 3 | 1420 | 15'40" | 10~30
) No.7 | 1410 | 13'50'" | 10~30
designed | 11q, g 1410 | 12'40"" | 30~60
. No.11 | 1406 | 3' 0" | 15~30
S 11 : .
I PeeiY | No.13 | 1417 | 2's5" | 15~30
designed | No. 15 | 1406 | 2'55'' | 15~30
Nozzle
dia i
No.12 | 1417 3' 5" | 15~30
N 11
40mm Mormallyl \ol1a | 1425 | 3" 0 | 15~30
disigned | N 16| 1420 3' 0" | 15~30
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(1) Tapered nozzle
Photo. 1.

(1) Tapered nozzle
Photo. 2.

Table 3. Time to photograph from test-
beginning and corresponding head in the ladle.

-Hozzle dial 50 (mm)

40 (mm)

Marks \ Timel Time ’Head 3 Time | Head
: ! : {
gs;ia?;l}?ed\&i?fi(mn_s) ﬂJ (mm) !(mn-¢) | (mm)
(a) [ 0-30 | 865 | 0-15 795
(b) ' 2-00 | 705 | 0-45 | 570
(c) . 4-00 ; 520 : 1-15 | 455
(d) | 600 | 355 | 1-45 | 250
(e) © 8-00 = 240 | 2-30 ! 75
(f) ©11-00 - 75 2-45 | 20
(g) ; : 3-00 0
! (2-55) [(Nearly)
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(2) Normal nozzle
The conditions of molten iron jets through

20mm ¢ nozzles at various heads.

T g~
(2) Normal nozzle i
The conditions of molten iron jets through 40mm ¢

nozzles at various heads.
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Table 4. The stream condition of molten iron
inspected from photographs.-
Tim Time ' Time
Exp. | Nozzle |Nozzle during | during \ during
type thrbulent }iaminar I’dfliipping
w ow y flow
No. (dia mm)| No. |(pegin (begin ,(begin
/end) /end) /end)
! , 0 9 o
' Specially| No- ! O " gr3or | i3i20"
tapered [ 0 8’ o
1 No. 6 O ‘ 7 301/ 12t oV
(20) h 8! OH
I No. 8 0 &7 Ou 121.15!1
L [ o | saon
1Normauy No. 7 O a3 | 13'50""
designed 0 &' o
; No. 8 O lsror 131450
2 : O 6! OI!
( O) NO‘ 9 O 5! OH 12140H
0 | 2ts
Specially No.11 0 2'30" 3’ o'
0 0'15" 245"
tapered No. 13 - 2’38” | 2
40 0 i O’ O" 10”
U0 Nos | g | S | <
I : — :
0 1!30” 2!45”
Normally NO' 12 1!15” 2130!' 3! Oll
esi 0] 0'45'" 245"
d Slgned NO. 14 013011 2130” 3' g”
40 0 11451 3t ot
49| No.te 115" | 245" | 310"
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Table 5. Critical heads and Reynolds numbers

(H:0, Hg) '

HC; Critical heads at whlch turbulent flows
enfold bubbles

Rec; Reynolds number correspOndmg to Hc

"Nozzle d1a | T -

; Sample | (mm) HC (obs) ReC (cal)
: 7 31 1°7 X 10*
H,O 5 35 | 13 X 10¢

' 3 l , 47 091X 10*

10 65 2°0 X 10°

Hg 7 95 2°5 X 10

5 130 2°1 X110
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