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Numerical Analysis on the Gas-Phase Mass Transfer between an
Impinging Jet of Gas and a Liquid Iron

Shoij TANIGUCHI, Atsushi KIKUCHI

Teiriki TADAKI, and Siro MAEDA

Synopsis:

Theoretical studies have been made on the flow of gas and the mass transfer in the system with the im-
mobile gas-liquid interface, in order to discuss the mass transfer between an impinging jet of gas and a
liquid iron.

The upwind difference scheme has been used for formulation of the finite differential equations of the
velocity of gas and the concentration of diffusing gas. The solutions of these finite differential equations
have been obtained by the relaxation method. And also, the local and average Sherwood numbers have
been calculated from above solutions.

Flow pattern visualized by tracer has been considerably similar to calculated one. The calculated
values of average Sherwood number under various Schmidt and Reynolds numbers have been consistent
with experimental ones obtained in the previous paper. An example of the absorption rate of nitrogen
into liquid iron has been shown for the case in which the rate of absorption is controlled by mass transfer

in gas phase.

1. &

HAE ) AL D BESFERCK EOIT CRBE R
R D HEE S A, BEEEEIGOEERFRC X H
WHRTWAFED Lo THB. Lirl, TOERRD
WEBHHSIBEE T EILEHI R TE LT, Zolk
DILERIGEE O rE#E L > TnWb & E 2 bh
%

il

S LROERADOWEBENC O\ T—HOZE
FE IO TED, BHY 2 Tk i e i AUmERE
BEER TR OOCEETOE S VERCHRE L, FEW
BREMRFCE T % EHRA LB,

Linl, ThbEFLEREET O A UWER B
BREEOREIEEA RO b HYIh Tk
5, Lo T A, BEMEGEETOr AHWE
BRI D AHTHB.

F o CAP TR v ARG E R BT A 5E D
7 A ER BB 5 MRE 5 HedK, KW
RENEIE LW BEE DT H ADRILE LT A

B EBE L R CEE L, ¥l ORRZH#HD
EFNVERBRELEBEL, X OBEH~OBRRICRE
% 77 A QA E R B A O i TR DI,

2. ¥ {E @R

Fig. | whAH ol RineE (5 orBRIGEHR) 2
Lic. ZOREHBIEHFNCREIh T 5.

2=z, DBABKR, XA (W r) WBAIRICT A
W A (2=z) HOEKEE (:=0) KHEHI
hizDb, BOIEEE CER n) &7 ANIMEE (B )
HoBRE Y LA L, 2=2 DRI IND.

S OBAORIGENDO X A DRI L OH A & EHkH
D AU BEBE L ERICEET by, 2¥D
REHEL.

1) EgoEmIBRADETREbhTkh, HA
AR X O TE- RIS Licw. Tivhb, XK
AREEE LR LY 5.

2) BRI FETHS.

3) RARERTH 5.

* [EAI 50 £ 4 AALHMEALICTRESE W 54 4 2 A 20 HEM (Received Feb. 20, 1979)
#k  Apk % T2% T4 (Faculty of Engineering, Tohoku University, Aza-Aoba Aramaki Sendai 980)

— 6 —

>y

-



»r

WO 7 A -SRI O 7 X QA E S BB % B E AR BT

4) ¥ADKE p, BE p B XOIBREREEDIZ—ET
B5.

5) B E K- WRAEC KT B BE & X¥Rric
IbT—EThH5.

6) ZAHNCHAT B H AFOINEYWEDORBE ¢ 13F
BreXbP—EThs.

7)) ZRCHATE AL LORA» BRET B H A
ORI TR A v TH 5.

8) AR D F ADHEIITERHTRTH 5.

9) BEHERETHD.
2.1 ERXBRURRAZHE

Fig. 1 wRTFABEERYAV5 L, EfoxR, #EB
FRERE LOCBEFEREThER Egs.(1)~(4) TR
Th, ¥RERE&EMHEX Eq.(5) CTRINA.

1 oru dv

r or T 0z 0 (1)
ou ou 1 ap
"o o 0z +p ar
Jd (1 0 02%u
_ .9 vreerenen (2
”[ar J\r ar ('”)}+az2] (2)
ov dv 1 ap
“Tor TPz T oz
1 9 /[ ov > 6%}
v[f ar\' or +6z2 (3)
dc + dc
“ ar ¢ 9z
1 0 dc 0%
ZD[r ar<f ar >+az2] ............... (4.)

r=0, 0<2<2;, Tl 9¢/dr=u=0dv/3r=0

r=rq, 21<2<2, TIL 0c/Or=u=0=0

r=ry, 2;<<2<2y TlL Oc/or=u=v=0

r=ry, 0<2<2, Ti% d¢/r=u=0v=0

Z=2y, 19<r<ry Tl ac/az= =v=0 —(5)

2=2,, 0<r<ry ClY c=cp, u=0, v=—v*

2=2Zg 1 <r<rp TIL azc/az2~ =0,

v=rgv¥/(rj—r})

z=0, 0<r<r, TiX ¢=c*, u=0v=0

Ll EogR% Eq. (6) WRTEATEY AV TER
TAEL, Xbic Eq. (7T)RBLIO(8) TEHZLIEHhD
Bt ¢ B X ORE CEAVTEE TS &, RKcIER
K& LT Egs. (9), (10), BWASKMHL LT Eq. (11)
"B 5.
R=r/ryy, Z=z/rsy Y=(c—ar)/(c*—co),
U=ru/y, V=r/v, V¥=rup*/y,
P=pr3/pv?, Ry=ro/rs;, Ry=r1/15,
Zy=21[1ry Zy=2s/7y S¢=v/D.

1831
1--1‘.(5--1--
T Z M
Diffusing
substance

0?19

BhH Ly
01 2

r

® Nozzle, @ Wall of reactor, ® Solid plate or gas-liquid
iron interface contaminated by surfactants, @ Gas inlet,

® Gas outlet.
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Fig. 2. Velocity profiles (V*=200)
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