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Effect of the Degree of Nozzle Opening and
Deformation on the Jet Condition.

(Study of the hydrodynamics of molten steel at tapping or teeming— )

Yosaku Koike and Y626 Muto

Synopsis:

From the previous research (Tetsu-to-Hagané, vol. 44, No. 2, 1958, p 122) it was learned
that nozzles tappered at the entrance and with a short parallel straight part at the: outlet had
good flowing characteristics when they were fully opened. In this research the characteristics
of these specially designeéd nozzles at the small opening by a stopper and some other flowing
properties of nozzles were studied. The results obtained were as follows. ’

(1) A nozzle tappered at the entrance and a short parallel linear part at the outlet had
almost the same flow characteristics as a normal long nozzle, when the nozzle was a little
opened by a stopper.

(2) Violent turbulent flow caused by erosion or deformation of nozzles were seen in two
cases, when the nozzle-diameter had been increased at the outlet by erosion, and when the
nozzle-diameter had been decreasd at. the entrance by deformation which was thought to
occur sometimes from the shock of closing the stopper.

(3) When the jet from the nozzle hit the liquid in the mold, the depth to which the jet

penetrated the liquid was mainly affected by the nozzle diameter and slightly influenced by

the head from the fluid surface to the inlet of the nozzle and by the distance from the outlet
of the nozzle to the liquid surface in the mold. .

(4) Refractory-nozzles whose surface-friction was higher were thought to have slightly
worse flowing propertis than glass-nozzles. The influence of the length of a refractory-nozzle
upon the speed of the jet was smaller than that of a ’gfass-nozzle, "when the head from the

inlet of a nozzle to the liquid-surface was the same.
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_Table 1. Effect of nozzle length. -

(1) The minimum stopper lift where the

dripping flow was altered to laminar flow at

a constant head (200mm,320mm) was named

“the safety limit of stopper-lift’.

(2) The flowing distance from the outlet of

the nozzle to the surface of the water was
1395 mm.

Safety limit of stopper-lift

Nozzle [Length of L (mm) .

nozzle

No. ! (mm) |[Head=320mm| Head=200mm
Turbulence
even at .
1b~1 100 6°3 11°9
1b~2 85 59 6°3
1b~3 70 5*5 55
1b~4 55 55 5°9~5°5
1b~5 40 5+9 59
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Table 2.

(1) The minimum stopper-lift where dripp-
ing flow was altered to laminar flow at a
constant head (200mm) was named *‘ the
safety limit of stopper-lift’.

(2) The flowing distance from the outlet of
the nozzle to the surface of the water was

Effect of nozzle taper

1395 mm.
Nozzle Taper Safety limit of the stopper-
of lift L (mm)

‘No. nozzle - Head=200mm

2~1 | o 63

2~2 1+7/30 545

2~3 2+7/30 59

2~ 4 3+2/30 6°3

1
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Table 3. Effect of the nozzle shape.

The flowing distance was 1395mm. .

e ) VoL ETh

Length of nozzle! Safety limit of

Nozzle I (mm) ng;er the stopper-lift

No. Total |Parallell nozzles Heaé‘z(zggﬁl)m

3~1 70 40 59

3~2 55 25 }rsmo 5+9

3~3 40 - 10 63

4~-1 70 .40 6°3

4~2 55 25 }2'7/30 6°3

4~3 ! 40 10 66

5~1 | 70 40 63

5~2 | 55 25 }3'2/30 68

5~3 | 40 10 —
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Table

4. Effect of increase of the diameter at the outlet of a nozzle.

(1) Flowing distance was 1395 mm.
(2) Length of section of increased diameter was 10mm.

Nozzle | Length of Dia. of Dia. of nozzle; Safety limit Safety limit (Oﬁntél)e stopper-lift
nozzle nozzle at outlet of head at -
No. (mm) (mm) (mm) 1395 mm Head=200mm Head=320mm
f~2~1 85 10°3 10°3 395 59 72
1~2~2 v 4 10°5 345 6°8 76
) Turbulence even
~ P~ 4 Y/, . .
1~2~3 7 7 108 0 at 119
Turbulence even
A~ ¥/ Y/ . y)
1~2~4 4 4 115 A 0 ” at 11+9
l~4~1 55 10*2 102 485 59 5+9
l~4~2 4 4 10*5 470 59 59
1~4~3 ” 4 '10°8 215 76 -—
Turbulence even | Turbulence even
~hao V/ Y/, .
I~an4 ’ 7 IS 0 at 10°4 at 10°4
Table 5. Effect of increase of the diameter at the outlgt of a nozzle.
(1) The flowing distance was 1395mm. ’ .
(2) The length-of section of increased diameter was 20mm.
Nozzle | Length of | Dia. of |Dia. of nozzle| Safety limit Safety limit ?fnff;f stopper-lift
nozzle nozzle at outlet of head at . -
No. (mm) (mm) (mm) 1395 mm Head=320mm Head=200mm
1~3~1 70 102 102 485 5°1 5*1
1~3~2 v 4 110 415 59 ~ 6°3 59
oo | -, p . Turbulence even | Turbulence even
1~3~3 | ’ ’ 12:0 0 at 1140 at 119
{~3~4 | 4 4 13°0 0 Heavy turbulence | Turbulence
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Table 6. The effect of deformation at the nozzle inlet on the flowing properties.
\ H & Head H at which turbulent flow turms to laminar flow (mm)
3 .
N°Zﬂm h, =900 4 hy =650 hy1=450

Nozzle

length (mm) (1) “(2): (3) (2) (3) (3)
100 135 Turbulent in all 125 Turbulent in all 80
75 150 ranges of head 130 ranges of head 75
60 170 120 75
45 190 ‘ 120 65
30 250 ! i

Head—H, Distance—#h,, Nozzles No.—(1), (2), (3)
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Table 7. The effect of nozzle material on
the flowing property.

| Head at which turbulent flow

%s;;glteh of §__purns to laminar flow (mm)
(mm) | Refractory Steel
nozzle nozzle
100 330 370
50 500 510
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Table 8. The effect of nozzle material on the time required for flowing. .
Head H is measured from the entrance of the nozzle to the liquid-surface as shown in Fig. 5.

Length of nozzle

Refractory nozzle

|

Glass nozzle

Head at which Time required - Head at which Time required
(mm) flow-test begins for flowing flow-test begins for flowing
JH (mm) | () H (mm) (s)
503 705 ‘
404 620 ‘ .
160 304 5-00 265 ; 6°50
205 3495 |
503 7+35 Co
403 6*45 .
50 302 | ceon 265 ! 7°05
205 : 4105 !
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On Carbldes in Tungsten ngh Speed Steels.

(Study on carbldes in commercial. spec1a1 steels by electrolytlc 1solat10n—VII)

Tomoo Sato, Dr. Eng., Taiji Nishizawa and Kousuke Murai.

Synopsis:

The carbides isolated electrolytically from two kinds of high speed steels—18-4-1 and 11-

4-2—swere studied by chemical analysis and X-ray examination.

follows.

The results obtained are as

(1) The carbides in the annealed structure of these high speed steels are composed of
MeC, M23Cs and a little amount of MC, as reported by many investigators.
(2) By austenitizing treatment, M23Cs completely dissolves into matrix, but most part of

MeC remains as undissolved carbides.

By the same treatment, MC in 18-4-1 steel is dissolved

completely, but in the case of 11-4-2 steel, a part of it remains.
(3) The chemical composition of the matrix of these steels quenched from 1250°C are

very similar as follows:
18-4-1;
: 11-4-2;
(4) On tempering above 400°C,

0°59,C, 7°49%W, 4°59%Cr, 0°929,V
0°69,C, 6°59%W, 4°79Cr,
cementite appears first, and then W.C, MC ‘and M;Cs

1°39%V

transmonally precipitate, and finaly MsC and My3Cs are formed.
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of tempering temperature.
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But the vanadium concentration in precipitated carbides reaches
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