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- Model Experiments on Mass Transfer in Gas Phase between
an Impinging Jet of Gas and a Liquid Iron

Shoji TanicucHI, Atsushi KikUCHI, and Siro MAEDA

Synopsis:

Experimental studies have been made in order to analyze the mass-transfer characteristics in the gas
phase in the reactor used for chemical reactions between an impinging jet of gas and an inductively-stirred
liquid iron. The methods which have been used for the experimental studies are (a) sublimation of naph-
thalene into a nitrogen stream, (b) evaporation of pure liquids into a nitrogen stream, and (c) absor—
ption of ammonia from ammonia—nitrogen stream into water.

The results obtained are as follows;

1) Average Sherwood numbers in the region of H/d<(H]|d), are correlated by the equation

Sh=m(r;/d) ~1Re®665¢0-5(m=0.40+0.13),
and (H/d). is correlated by the equation

(H/d) ;=0.00464Re® 68 (r;/d) -5 exp (3°96 (dy/ D7) ) (exp (Sc)) /Se,
where H is the distance from nozzle to diffusing substance, 7 is radius of diffusing substance, 4 is inside
diameter of nozzle, d, is outside diameter of nozzle, D7 is inside diameter of vertical wall, Sh=ksd[/D, Re=
dupfu, Se=u|pD, k¢ is mass—transfer coefficient for gas phase, u is average velocity of gas in nozzle, p is

density of gas, and p is viscosity of gas.

2) Average Sherwood numbers calculated from published data on the rate of decarburization are

correlated by the equation
Sh=m’(rs/d) ~1Re®688¢0-5(m’=0.23+0.07).
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Fig. 1. Reactor used by NoMURA, et al.18)
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Fig. 2. Experiments on mass-transfer in gas phase.
(a) Sublimation of naphthalene into a nitrogen stream

(b) Evaporation of toluene, water, and acetic acid into a nitrogen stream

(c) Evaporation of toluene into a nitrogen stream and absorption of ammonia

from ammonia-nitrogen stream into water
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Fig. 4. Sh vs. H/d for naphthalene-nitrogen
system without vertical wall.
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Fig. 11. Sh(rs/d) vs. Re for liquid-gas system
with forced motion in liquid.
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Fig. 12. Relations between Sh; and Re; for
absorption of pure ammonia into
water.

HTHDEFig. Ll 0X S51inh, REREGRERN (Rep=
640~1260) Tk Sh WI¥E Vv -BEROBEDE
BRI (1) R CThbbIhi.

L7 2 CAREREFR AN OWIRENIC X 2T H ADRE)
BRELE L2 b E Fzxbhi. LaL,
Rer>1260 T Rep BPREL L BITONTH ADRENI
Rep THELTHEEZLNDD, FTOERO Rey 131
EDOLEZARBETH 5.

44 k-7rE=7% (Fig. 2 (c))

ETHMT v €= 7 OR~NOEIERFE R Fig. 12 12
ALz XD TFhofBEROEED Shy 13 Re i
HEILTRYD, REERRThLbIhi.

Shy=0.10Re; (D7=7.0) creneenenn (13)
Shy=0.15Rer (D7 =4.0) - oereemremmemnennnn. (14)

¥/ Dr=4.0 OBED kL & Fig. 1 © kL L%}t
BLERY BRAKFERETOR-ERERBORE

* kpaDp(Se)%s LT, Rep=1570 ki3 3 NH; © k(=

0.0050) X HhBERDCD iy 2HEALTABE, 1600°C (KR
WE %) TH 0.010 L LTKD R, —F, FHRLID OFR

TE3e, BANFSHEBLTOCH k2 0.036 L LTHELATI
A.

2
R N
Eq.16) . o)
11 sh=m(5iRe’sc” _ @200
m=0.402013 2N
L
g8 05 }
Yo L
a g -
3 | & key system
5 - ® naphthalene-N,
@ toluene-N,
1 ® aceticacid-N, ||
0. O water-N,
® water- N,- NH,
0.05 T T
0.1 05 1 5 10 20
Sc

Fig. 13. Sh(rs/d) Re-0.66 ys, Sc.

RBAREROLTNI D P IBMLVED EEZ L.
K-7roE=T - BERETAFZOERTIZ(13), (14)
REDEH L7z b2 28V, 5B DZTL < ke &
BH L. ZofER%2 Fg 1l @Rl ZOHED
Sh 1% Rer=1120~1570 "Cit Rey \EREHRT, (rs/d)
TIReMS ICHBIL TR D, KERATHEbI .
Sﬁ=0.222(7’s/d) -1. Re0.66 (15)
45 ERERORBIE

DED+74Y o -8FFR BE-ZBERFL OK-7
YE=T7  BRERETAROEBRBER» D, H/d<(H/
d)e TWE Sh VX ro/d & Re DB TEE D, H/d, dy/Dr,
Hy/H, Lfrs, p/or, p/pr BX O Re Wi EBEIHRTH
D7,

L7zA32C(6), (10), (1), (1) sx(I)Rick
FHBREOLRNIEY 22 v MR Se OB WIZE B D
DEEZLNS. T, Shirg/d)Re-0 L Sc Lo
BfRE L TH B E Fig.13 X35k, FOBERIEEK
RThHbbIhi.

Sh=m - (rg/d) —1. Re®-86-5c0.5 .....

ZZitm=0.40+0.13

Fic, FI7E)-EER K-BEZBIV LT
“ERFOT -4 LY (H/d), BABERRTHobbZh

Fok*

H r \1.5 d exp (Sc)
=\ —0.00464Re0-68.( = 96 2o }_P_
(7). mo-0osssesn. (5 expls.oo( )} 2B

v (17)

(N KX X5 KEED | & Fig. 9 WRLz.

46 CO,-FHROTIHAMEBBHICEHT S 1EE
Fig. 1 0 2 DIZRIR GBS A WT. B bz L %

BHEDOMKIIG R B by 105 E, BMPREREN

AV e EORREICEREZISMANDESHEE chdob

** Fig. 10 $I & Fig. 1l WRUIER-BRRBIFK-7r2=7-
BRRBELTAROHED H/d i (17) KD (H/d), X h d/han
AT 5.

eeveenrenen (16)

— 33 —



198 &% & & % 62 4 (1976) 25
20 FDHbLN5.
fto eutal.”’ v P LA L, BRROZ & BURRIGEM LA 7 VERD
w—xgj%ﬁig /»ﬂiﬁ KLY L DDT, (I8 RCHREGEHT
s|_| Sc=057,1600°C 1%9;@‘38 < DOEAENMITBIE +5TH5b L 3 BhEPI2VT
?& Y ) B HIEHEORMBEIN TV H
5 Sh=mi(5)ReSc =
& =053 007 5. & 5
1 - z “on H s , . b ae -
/{/ Nomura, &=2.0 . N d0C BRI I TV B IESk LI A A ORI
x
0.5 ky O © @ O & 4 i v 5 FISSoSENmESERE 2 R 50
d 040404061010 e . _ . .
P /P 1/101/151/25]/30]45]/25 @m%%%%YﬁTTSL?&V‘s 9&5&@@["]#&’)%0)%
0.2 z I T o248 -
5 10 50 100 500 1000 Al AT

Re
Fig. 14. Sh(ry/d)Sc—05 vs. Re for CO,-molten
iron system.

NG ZERHLRT LD

LZATHNR (2%F) 0T L, RREREOHERE
BOH ANEROBEHECEFN SN TWEOT, SHEAN
VISR & I3E X bR, R R E R TR
I TWVWBEDT, [-BRAEETFETCIILL, Lirdbk-
WRHRESOBREEARE T VEROLTNI D b Ix D
LWhorFEzbhk. ZOXIERREGEFETOR
ABPRIERB T N T 5 C LB TR EbD THEE
zbhb.

T, TZTRANR (2#) OFHFRSITEEDD
LT, BREREOBEOSMBNMABEREE kD, £
BT 5ERBRAZ KD THI.

i CO, HBWIE CO,-CO T X BiBfHOB KRG
(CO,+ C =2CO, A=CO,, B=CO) D4, ¥ XAk
MNhorhHHLEELNEDOT, ZOBESOKHENMHEA
B O WTHE LS. ZOBPE, —Ng 3 (1)KXT a=
2 LFREELSNG. b L, BURERSTHENDES S
CHEI NS L ThIE,  pl WEHEERI VEE IS
(RISIRE T —ARIC pakph TH5D).

Wi, SUARNIBE Te EGEE (BHoEmEE
LB L, BRL®, RELODT —2%X 0D —Ny, k¢
ok, IHLIHERITBEEZEL LT £ORRE
Fig. 14 iRl MX Y, Sh(rs/d)S.~0-5 12 (16) X &
kR Reoss B LTHD,Sh ITRATHbbShic.

Sh=m’(rs/d) ~1, Re0-66.500.5 (18)
zzi m=0.23+0.07

(1) R & (1) R L 0FLMEX v, REKGEOHBEDR
HAWMEBE & € 7 NVERFROT N L ORICIIELMED

* ERIB) W Fig. 5 BXEAER20) B Fig. ¢ ©oF — 52 AN
2. AWMCRSNIARNRIE Veo 223U, PRIGEEAL
Uic. 2235, 1, 4, H, Vao 2 ERETFARREFOTHEAK S
A.

(1) Sk vx H/d H (H/d), X D/ WIE TR HY/
d WwAEEAtRT, H/d » (H/d) LA BTV Sk ik H/d ©
WhnE & bicEd Uik

(2) Sk y3 Hd<(H/d). TR (1) R THbbXh,
(Hfd) . vikpg (A7) R Tdh HbIhic.

(3) CO, I X HEMOBL KBS REDOXFKED S,
WS OMPDEEDD LT, BEFNVEBROEE LRKD
FIET Sh Bk, Sk LHERT L ORI (16) K&
R, Sh OERR E LT A8)ReBi.

158 : AWIEDFERITIC SHIT W i W R I EERE T
+ @, FEo vy 2R, RBIELS 3R,
ELRE), EUETHEL: EBTF) 3 IOCMREHEE
R 5.

Appendix

AR TRV IEER TR L DB L.
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