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Gas-phase Mass Transfer by Impinging Jet on Liquid Surface
in Crucible

Hiroshi SATTO, Akinori YOSH1ZAWA, and Tanckazu SOMA

Synopsis:
Average mass transfer between an impinging laminar jet of gas and a liquid surface in a crucible
was studied. , .
The experiments were carried out in the following systems;
a) HyO() —H,(g), C;HyOH(l) —CO,(g) and HyO(I) —CO,(g)
systems with known diffusion coefficients Dp(m2/s) near room temperature (10~60°C),
b) FeClL () —N,(g) system with unknown diffusion coefficient in high temperature (700~930°C).
(1) For the average Sherwood number Sk(=kd./Dpp), the correlation was obtained as
Sh=m (ro/d) ~1Re?-815¢°-66, (m=0.56+0.06)
by the experiment on systems a) under condition;
4<<Re<<800, 0.5<8c¢<1.24, 3.17<(r./d)<9.5.
(2) For the system b), 84 could also be expressed by the above equation above for 20<{Re<200,
re/d=2.42.
(3) Temperature dependence of the diffusion coefficient of FeCly(g) in N,(g) for 700 to 930°C, 1
atm was obtained as
Drect,-n,=a(T/273)2.9x 10-4, (a=0.31:0.01) (m2/s)
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based on the similarity between experiments a) and b) for gas—phase mass transfer.
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@ H, gas (orCQy)

@ Slica gel column
® Flow meter

® Gas inlet

® Nozzie tube

® Reaction tube
@ Cas outlet
Glass crucible
@ Water bath jacket
@ Needle valve

@ Circulation tube
@ N, gas
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® Seal gas inlet

@ Pump @ Seal gas outlet
@ Constant temperature @@ Balance
bath @ Thermocouples
Fig. 1. Schematic diagram of experimental
apparatus.
Daq
C.H,OH k—@ 3
H,0 |FeCl, F_@_’
3.17 ._@__
r./d 2.4
/91 g5 | 242 . d .
0.25 |0.83
H/d ~©
/120 |-25 oY I
H,] ft=de)
do/d.|997% 0,276 ]
-0.21 é’é 4@ ©0
2r./D,]0.597 [0.498 Ay _
0.083(2.67 —
H:/H —_
R0 | <3 L% -
L /r. [0-421 [0345 -gzzzzzzzzzzzngf"L
° | ~253|~2.07 G O—
(=)
C2H;0H
H, 0 FeCly
H [ [ Nozzle - surface height 015~12 105-15
d [ ® Nozzle tube 1. D. 0.2-06] 06
d | ® 0.0. 0.3-08| 08
2r_| @ f(=do) L D. 3.8 2.9
2r, [® 0.D. 4.1 3.2
® | crucible Depth 5.84 7.0
@ Height 597 | 7.2
H, | ® Top - surface |1.0~50 | 40~65
De | @ [ Reaction tube 1.D. 6.80 6.43
@@ [ Thermocouple 0.D. 016 0.26
L | @ | Liquid depth 08-~48 {05-~3.0
(cm)
Fig. 2. Dimension of crucible and nozzle.
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Fig. 3. Weight change of H,O with time.

2 X)W 0.6cm D& &3, BB R 2 XVNERIcE D AU, #ME
stofiifE e BRBEEETE 2 X 5ilic. 2 XVAE 0.38~0.2
cm D& X, 7 XVABEEIKEREL I

COBMBENBEAIC I 3MNOENOHR L EEMNICFET 5T Lkl
TRV, FHRELTREBECOBEBIEETYSEEZAGNS.

—



60 B & W FE 704 (1984) 1

20 | Bhrd5. Tihbb, TAOEB= 1¥— (pcU?/2)

2 gl PFRT, WEHIC ST 2EREL (=7 AAHR) ofR

5 4-06 em v, THECERSh S LEETHE, Zoflx CO; 72

:;‘—1 ) Te =792-8427¢ 6 i/min] T Re=800 0k ¥#y 3mg CHMT 5. ZhIAER

T TELBOLRBENOHROBRAMETHS. i, 20
Fig. 38, 4

()

[
(5

Weight change of FeCl,

0 60 120 180
Time t{(s)

Fig. 4. Weight change of FeCl, with time.
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Table 1. Experimental values.
key Investigator, system Temp. (C) 7. (em) d (cm) H/d (=) re/d (=) Sc (=)
TANIGUCHI et al.® 2 .
[$) Naphthalene—N, 20 2.0 0.6~1.26 1.5~6.0 1.59~3.33 2.55
O Graphite—CQ,- CO 1500 1.85 0.6~1.30 2.31~5.0 1.42~3.08 0.85
NOMURA et al.® '
(=] Molten Iron—CQ,-CO 1 600 2.0 0.4~1.0 0.5~1.25 2~5 0.91~0. 94
ITO et al.?
A Molten Iron—CQO,- CO 1 600 1.9 0.9 0.78 2.11 0.57
This study )
H,0—H, 10~50 1.9 0.38~0.6 0.25~10 3.17~5 1.24~1.23
[ ] {C2H5OH—C02 10~50 1.9 0.2~0.6 0.25~20 3.17~9.5 1.02~1.01
H.0—CO, 20~60 1.9 0.38~0.6 0.25~10 3.17~5 0.50
A FeCl,—N, 700~ 930 1.45 0.6 0.83~2.5 2.4 0.28~0. 261

t Value calculated in this study ; Dreciy =3 9x107~6.0x10~* (m?/s).
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Fig. 9. Comparison between Eq. (14) obtained
in this study and data from different experiments.
Symbols cf. Table 1.
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