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STUDY OF THE HYDRODYNAMICS OF MOLTEN STEEL
' AT TEEMING OR TAPPING

Synopsis:

Yosaku Koike

The inclusions or blow holes of fully-killed steel ingots are affected by the conditions of
the molten steel-stream which is poured from a nozzle in ingot-making.

The preliminary experiments were carried out through the nozzles of various shapes (dia;
Imm¢~10mme¢) and at various heads (0~1800mm) by using mercury, water and some
water solutions. If the stream-condition was assumed to be mainly influenced by the Reynolds
number, the results of this experiment through 10mm¢ mnozzle by mercury corresponded to

those through 20mm ¢ nozzle by molten iron.

The research was done without a stopper:

it is near the case when the stopper is fully opened.

The results obtained were as follows.

.(i) The stream which was poured from a nozzle was a perfectly stable laminar flow, only
when the head of the liquid (the distance from the surface of the liquid to the entrance of
the nozzle) had some limitted value. When the head was too large the stream was turbulent,
and when it was too small, the stream was dripping. They were photographed at the ex

posure of 1/1000 second.

(ii) The range of the head where the stable laminar flow was obtained through one nozzle
was changed by physical properties of the liquid. Especially by increase of the viscosity,
the transition point from turbulence to laminar flow was moved to a high head. The range

of laminar flow was extended.

(iii) For the purpose of extending the range of the head where laminar flow was achieved,
the short nozzle was better than long one within the limit of this experiment. The nozzle-
dia was 10mm ¢, and the length was 30 mm~ 100 mm. .

(iv) On the result of (iii), the nozzles with tapper at the entrance and short parallel
straight part at outlet weré designed.. They were recognized to have a good character of

flowing.
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Table 1-(1) Relation between %2 and H
(10mm dia.)
(1) k is the distance from the outlet of a noz-

zle to the surface onto which the stream is
poured. :

-(2) H is the head from the surface of liquid
to the outlet of a nozzle.

y | H (mm)

Change from turbu- Change from lami-

(mm) ilent flow to lammar nar flow to dripping
820 | { 650 1 0
1200 . . 550 "0
1400 | 500 b 20
1660 i 420 . 60

1860 . 390 100

Table 1-(2) Relation between A and H

(7mm dia)
% | o ' H (mm)
(mm) Change from turbu- ’Change from lamx—
" |lent flow to laminarnar flow to dripping
610 1000 | 0
880 950 } 40
1000 920 ! 70
1135 900 - 120
1440 830 ‘ 350
1570 |- 800 | 500

Table 1-(3) Relation betweén k and H

(5mm dia)
]
: o H ( mm)
L
( mm) ‘Change from turbu- ‘Change from Ianu—
- llent flow to laminar | inar flow to dripping
370 1250 ‘ 0
460 ‘ 1200 30
530 | . 1200 . 50
620 ‘ 1150 ' 100
720 - 1100 180
805 i 1100 240
955 ! 1000 350
1065 . 950 | 520
1130 200 ’ 650
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Table 1-(4) Relation between % and H
(2mm and 3 mm dia.)
2mmg¢ ‘ 3mmg¢
PR H(mm) T H(mm)
! Change from n Change from -
! laminar flow to . laminar flow ‘to
(mm), dripping ((mm)| dripping
120 160 - 180 | 0
140 220 200 ¢ 30
170 | - 300 240 | 45
185 - 370 | zqot 200
210 510 © 340 ‘ 300
230 590 390 | 450 -
245 740 410 | 600
260 950 . 447 l —
280 —_—
800
Y
&
Tm

5040 200¢€ 400 600
—> h(mm) e
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Table 2. Effect of nozzle-length (mercury)

The head where turbulent flow was altered
to laminar flow at 1395 mm flom the outlet of a
nozzle was named ‘‘safty-limit of head” at
1395 mm.

Nozzle| Length of nozzles Safty-limit of head
No. ! (mm) i at 1395mm H (mm)
1—1 100 370
1—2 85 - 395
1—3 70 420
1—4 55 i 485
1—5 40 H 535
1—6 30 i 710
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Table 3. Effect of nozzle-length (water).
Safty limit of head at 900mm was observed.

Nozzle | Length of nozzles | Safty-limit of head
No. { (mm) at 90C0mm H (mm)
7—1 : 100 110
7—2 | ’ 85 ‘ 135
7—3 | 70 155
7—4 55 ] 190
7—5 | 40 225
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Tzble 4. Effect of nozzle-length (water)
H was a head from water surface to the
entrance of a nozzle,

Length of nozzles Safty-limit of head at
(linear part). 805 mm.
{ (mm) H (mm)
75 i 150
60 170
45 190
30 250
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Table 5.  Effect of nozzle—té.pper (mercury)
(1) Safty-limit of head at 1395mm was obser-
ved.

(2) Total length of nozzle was 70mm, length
of the tapered part was 30mm.

Nozzle Tapper of Safty-limit of head at
No. " rozzles 1395 mm H (mm) -
2—1 0 410
2—2 -1%7/30 495
2—3 2°7/30 545
2—4 3°2/30 605
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Table 6. Effect of nozzle shape (mercury)

(1) Safty-limit of head at 1395 mm was
observed.
(2) Length of the tapered part was 30mm.

Nozzle i,leengtl'(l I,gfnl;oz © | Safty-limit of

Tappe head at 1395mm| Taper

No. - H
o Total |" Ca (mm)

3—1 70 40 465
3—2 55 25 645 1°5/30
3—3 40 10 785 .
4—1 70 40 . 565
4—2 55 25 - 700 - 2°7/30
4—3 40 10 880
5—1 70 40 . 605 “ e
5—2 | 55 25 780 3+2/30
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