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« PART 1: UTN porous gas flow model
— Review of previous model

— Model updates:
 Realistic pressure distribution on UTN inner surface
» Bubble formation threshold for gas pressure
» One-way passing pressure boundary condition

— Effects of back pressure effects

— Effects of gas leakage at UTN bottom

 PART 2: Bubble size study in a water model
— Bubble size distributions in SEN
— Evolution of gas volume fraction down the SEN
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Development and Validation of Gas
<==  Porous Flow Models — Review
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Schematic and Parameters
Sasine for the Base Case

Onsortium

Inlet pressure P, 200 kPa (abs.)
- Pressure at P, 101 kPa (abs.)
nozzle inside
wall & ambient
Specific K, 10.1 nPm =10.1
permeability x107 mm?
260 Dynamic v 7.42 x10° Pa.s
Viscosity* (at 1280C)
Permeability Ky | 1.36x16% m?/(Pa.s)
Ky W) (at 1280C)
» Thermal k 18 W/mK
2Zmm GN—_ % conductivity
<od Heat transfer h 40 W/meK
coefficient
(nozzle exterior)

Ref: _ (0.6384219T ~6.9865/T~3374.72/T2-1.5119)

*R. Dawe and E. Smith. Viscosity of Argon at High * /J(T) = Ho (10

Temperatures. Science, Vol. 163, pp 675~676, 1969. — -5 Room temperature (20 C
Lty =2.228x10°Pals P (20€)

argon viscosity
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\&\_ Scenarios for the Base Case
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e Further Factors to consider:
— Hydrostatic pressure profile with steel

velocity
(Bernoulli's egn.) 0.251
— Bubble formation pressure threshold at 1
pore 0.2]
(due to surface tension) = ]
) = 0.15-
e Scenarios: ° ]
1. Base case parameters, with porous flow z
model, constant gas viscosity, constant 5 0'1:
pressure .
2. Base case parameters, but with temperature- 0.051

dependent gas viscosity
3. Consider liquid steel pressure distribution at

o

| Temperature (K)
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UTN inner surface (using Bernoulli’'s Egn) : ‘0_},5‘

o

P TR AR
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4. Same with case 3, but consider bubbling Radial Distance (m)
pressure threshold due to surface tension
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% Pressure Threshold for Bubble Format
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* In order for gas to intrude into the liquid and for
bubbles, surface tension effects have to be

m

considered:
Bubble expanding stage (assume bubbles expand slowl y in equilibrium):
r,= rpore I’1 > rz
ry
I r r>r,
pg P pg P pg P
step1 step 2 step 3
pg - p| = 0K 20' pgz > pg1
2 rmp P, =pt—— m—
K=— r P, > P,
r
Pressure threshold for bubble P, =P +2—U =p +2—J
formation: I, F e
Parameters used in current study: o=12N/ v =200um
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Pressure Distributions
— Base Case Scenarios
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Velocity Distributions
— Base Case Scenarios
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Radial Distance (m)

bottom sealed ,
Bernouli-based pressure
, and bubbling threshold
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Radial Velocity Distributions
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. Effect of One-Way Passing Pressure B.C.
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NECESSARY!
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u Model Validation
e with Static Bubbling Test
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Gas Normal Velocity (m/s)
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Pressure Distribution
— Bottom Leakage vs. Sealed

0.05]
Bottom Leakage ] oo s Bottom Sealed
004
R £ Pressure (Pa) B
0.251 z ] 0.254
i © 0.034 94737 i
[T} 1 94211
T T 93684 N
. z 93158 —
] 5 0os o ]
0.2 91579 0.2
. ] 91053 .
E ] o ]
N—r 7 ~— —
- - Pressure (Pa) 1S P P
%,0.15- 95000 o e e E ressure (Pa)
= R 004 005 006 007 008 009 0.
:GE) i 85000 Radial Distance (m) (=) ggggg
i 75000
1 [ I 75000
P s 65000 E coco
E 0.1 55000 ] Z 65000
2 45000 004 — 5 55000
B 35000 ] 0.05 mis 45000
i ] ] 35000
. igggg _ 003 Pressure . 25000
0.054 so00 & ] O 0o 0.054 15000
h z ] 85000 1 5000
g D 402 75000 E
] £ = 1
1 z 1 45000 E
= ]
0- L L l L > 0017 ggggg 0- L L L L L L L L l L
0 0.05 ) 0I5 | 15000 0601 0.15
Radial Distance (m) o Radial Distance (m)
JrLY05 T I EAEIEN IUVRVENEN AVRVEVANIN NRTATAN ARG A i

004 005 006 007 008  0.09 0.1
Radial Distance (m)

University of lllinois at Urbana-Champaign . Metals Processing Simulation Lab . Rui Liu . 12




1 0‘1‘
N

\ Velocity Distributions
V&me  _Bottom Leakage vs. Sealed
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N Evaluation of UTN Gas Injection
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| Effects of Back Pressure on Gas
“&== Velocity Distributions in Refractory

Nsorti

, 90 kPa . 99 kPa . 140 kPa
0.251 0.251 i
i 0.001 i 0.002 i | 002
0.2 m/s 0.2 mis 0.2+ | s
\E/ i Pressure (Pa) ] Pressure (Pa) i Pressure (Pa)
+ 0.154 .15 0.154
S i 89980 g 98000 136000
'® i 89940 1 97000 R 132000
T . ggggg ] 96000 ] 128000
b ] ] 95000 ] 124000
£ 0.1 89820  0.11 g4000  O0-1 120000
) i 89780 ] 93000 ] 116000
] gg;gg T 92000 i 112000
89660 ] 91000 108000
0.054 0.05+ 90000 005- 104000
89620 - 100000
] 89580 i : 96000
] 89540 i i 92000
0- | | | | I | | | | I | | | | I | o- | | | | I | | | | I | | | | I | 0- | | \ | I | | \ | I | | | | I |
0 ) 0.05_ 0.1 0.15 0 . 0.05' 0.1 0.15 0 ) 0.05_ 0.1 0.15
Radial Distance (m) Radial Distance (m) Radial Distance (m)
University of lllinois at Urbana-Champaign . Metals Processing Simulation Lab . Rui Liu . 15
ﬁ,,n

smmon Gas Radial Velocity Distributions
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Effects of Back Pressure on Gas

‘&z Mass Flow Rate and Leakage Ratio

Gas Mass Flow Rate (kg/s)
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» For both open-bottom and perfectly-sealed cases, ga s mass flow rates
increase with increasing back pressure

» For open-bottom cases, with different back pressure s in this work, gas
leakage ratio decreases with increasing back pressu re, but all above
70%, with ratio of gas entering rate also remaining 70% between open-
bottom and perfectly sealed cases
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Part 1: Conclusion

‘== _ UTN Porous Gas Flow Model
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 UTN porous gas flow model has been improved
to incorporate realistic conditions, including:
— Liquid steel pressure distribution on UTN inner sur face
— Bubble formation gas pressure threshold
— One-way passing pressure boundary condition to elim inate
unphysical reversed gas flow on UTN surface
» Parametric studies on gas injection back
pressure reveal:

— For both open-bottom and perfectly sealed cases, ga s flow
rates increases with increasing back pressure;

— Open-bottom cases leaks more than 70% of the gas un  der
normal pressure conditions (14~21 psi)

— Upper slit in open-bottom cases maintains a gas ent  ering
ratio of ~70% compared with the perfectly sealed ca se
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18




Q

K Bubbles Moving Down in the SEN
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i mm; T

- Bubbles look bigger with |s ance downr_thé nbzzle

- Perhaps: bubbles coalesce; or else Ie rger bubbles a ccumulate with time
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e Near Nozzle Exit
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B Bubble Size Change

“35LPM (Water)_1.6SLPM (Argon)”

- Bubbles smaller at the nozzle bottom

- Bubbles coalesce at the top region of
nozzle port (stagnant flow region)
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Argon Bubble Size Distribution through the
(Water) 0.8 SLPM (Argon)
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- Bubble accumulation ?
- Calculating drift flux of bub

considering argon and water superficial velocities,
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Part 2: Conclusion

&z, — Bubble Size Distribution in SEN
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» Average bubble size is smaller in SEN upper
regions, but larger in lower SEN regions

« Small gas bubbles appear at SEN bottom, but
large bubbles are found close to SEN port
upper region

* Measured gas volume fraction increases in
general along the downward SEN direction, but
still smaller than the superficial gas volume
fraction
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