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A Model Experiment on the Gas Entrainment with Liquid

Steel Pouring Stream

Katsuyoshi IWATA, Takao CHOHM, and Mickio INOUYE

Synopsis :

In order to understand the air oxidization of molten steel during teeming, model experiments on the
gas entrainment of pouring stream were carried out by using water, ethanol, glycerin aqueous solution

and liquid tin.

The breakup length of pouring stream depends on the shape of nozzle, the pouring rate of liquid and
the flow of liquid in the tank. In the present experimental range, the amplitude of disturbance at the noz—
zle exit ¢ decreases with decreases of nozzle length and pouring rate as indicated by the following equation ;

ln(ﬂo/é‘o) =44, S(lu/Dn) -D.TB(Re) -0.1

where g, : radius of liquid stream at the nozzle exit, /, :

nozzle length, D, : diameter of nozzle and Re :

Reynolds number. The rates of gas entrainment by the pouring stream increase with increasing the height

of teeming and the rate of teeming.

The rate of gas entrainment is represented by a model postulating that the pure cylindrical stream en-—
trains no gas and that the gas entrainment occurs by the cavity produced by the collision between the bath
surface and the stream surface protuberances. Consequently, taking the cavity radius R¢ into account,
the rates of gas entrainment are described for all kinds of liquid stream as follows 3

Ve/Vi=0.02{(Rc—a)/as}?

where Vi : gas entrainment rate, V) : volumetric flow rate of stream and a : radius of liquid stream at

the teeming height z.
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Fig. 2. Experimental apparatus for cold model.

ROVT RS EPIRICH T % 2B C X 5.
2.3 RBAZE

AR TIZ(2), (b)) X (c)DIFET L, off
2HIE L. Fifkizok, 7aa—n, 7Y vy vABEK
(12.5% X0V 25% 7V €V V) & XOBEEES AL
7. '

(2) 7 AHpofEs—EDOR

B O % Fig. 2-A iRd. RPOQIBTR Kk
THD, ThORBILID < 2—2@% (DT, i
HRTEE EE OB B8 L. L oz 35y
@OEH TILEE (f9 S0cm) KEEFTHEEHE L, BEE
B R & B2 THRE L. RICHEEERT O o —if
% l6mm HHEH 2 5 THEL, BREEROE{(Lh
LALMDOKEZI e 85XV I, ZRDI. BEHTS
AMEIAZE 0.6, 0.8 KX lem, X 3cm oy S
ABDLDOTH B,

(b) / AAHAmEIERE & DETT5%

Dk &k Fig. 2-B Rt X 5 n&EBY A, —E
EORELYBEBRORARLE, AL, A —@%LAX
BRAREL 5 B ECE LA CREYSERE L,
L #RETH. 7 ArH0fE FRNEES hog
b &kT dh/di=— (ay/R))2V 28k % BN, 1e=1"2gh
EARA LK (20) K2 HRDI.

uy=V'2¢{V h; +1,— (a0/Ri)2V g/2:8} - (20)

(¢) #BESGEHAC-%%R

COBERETRA Ly A —HEHR L0 ELH 700

g BAL, 7AxvBERAKTTERAEERL, 2uWT
350°C TfY 10min {£IEFHE 2 + o, 2 —% LI CHREISE A
THOHFRCEAT S L LB, BARYEEED £ 5
THRELT L ¥RELK. ik, T2TO 4 OED
20K b RKDF:. Fhes XABERT 0.5 L8 0.7
cm kL,

2-4 REBHERLIUER

2-4-1 HRHEER L,

Fig. 3 X —EWMEDORES B (a)ic X 5K, Fig. 4
0Iﬁﬁﬁiﬁfﬁﬁ?lﬂiﬁ‘ﬂ‘é (bYwkrtza7nra —n, Fig. 5
(I XD 7Y 2 v 12.5% R LU 25% KK,
SHRII(C)IC L BB L DERRT. WFhi
L ZNBER Do 35X FHE uo A AEL D EH
KL, FPED ue 2% Fig. | D umax OF R LI
TRETEBD kT, 22T Welis XU Fr

150

water A
Do, (cm) 19.0
o 06 N
a
® 08 lzé%
o 1.0
100 o

€ /

Eo

- P

50 *#’éc—
00— 15.8

0
50 100 150 200

Us, (cm/sec)

Fig. 3. Breakup length of water stream.
Curves are represented by Eq. (21).
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represented by Eq. (21).
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Photo. 1. Behavior of cavity produced by pouring water stream.
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Fig. 19. Dimensionless correlation between Vel

and (Rc-a)a, for glycerin 25% aqua solution.
Curve is represented by Eq. (29).
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Fig. 20. Dimensionless correlation between Vg/V;
and (Rc—a)a, for ethanol stream. Curve is repre—
sented by Eq. (29).
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and (Rc-a)a, for liquid tin. Curve is represented
by Eq. (29).
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Vg/V1=0.02{(Rc—a)/ac}®

4) EBXALZMWOKE R dp X HABTAREEL
B LIV R EERROBERD ¥ L URDkECE 3
%

dg=0.004ReV/2Fy - V2 WellAD~1/2
X oTHE B,

BRECATFERO—IILBM 54 FECREPENAR
DRI Y ZT I L EBTE L DI, AFRTED DI
Hich —FHERPYUIhEHBAFTEREBFRSEE
REBILE (B : BAEH CcRHFOFZELIT.

Gl =
e, ag: 2B XV AAHEOTOHRFEEE (cm)
dp : % FALKIGEE (cm)
D : & ZEROEITEE (cm)

— 66 —

e



EHEARO N AEERLOEFTALER 1931
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