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To verify model adaptation and flexibility, non-isothermal simulation for perlite expansion has been carried out. Temper-
ature-dependent perlite properties are applied to energy equations for bubble temperature change and perlite melt temperature
gradient. Bubble temperature is changed with volume change, water evaporation, and heat flux from melt. Temperature gra-
dient of perlite melt is affected by decreasing bubble temperature. As a result, prediction model and code have been developed
below 1100 K with 5% accuracy. At 1100~1400 K, lower 7% accuracy has been obtained from the calculation results.
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Table 1. Analytical System of Equations
Process Equation
Hydrodynamics of melt surrounding the bubble P,—P 20 —12R% 77( ) dr
Combined equation of momentum and continuity ad = R £, Pt
Mass balance at the bubble interface d ( PgRR) — 3] ]R R‘ D
Diffusive bubble growth dt T, p Lor r=f
e oz, 0z_ 1 0, ,01,
Volatile Diffusion in the melt prani - or (Dr o )
. . . . Boundary and initial conditions
Initially uniform volatile distribution z,(r.0)=z, at r>R, and t =0
No permeation of outer cell border ( :r“),.:g: 0at t>0
Henry’s law of gas solubility on the bubble interface 2 (Rt)=x,=(KPP)" at r=R and t >0
Heat balance at the bubble interface and within it
include: 07, _3RT, . o7, Ay ) vy | | ROP,
é' 521%&”:32]‘1 l;zztt ot PRepMw W or | TR w VP or T
3. Heat flux from the melt
. . . 0T, ()T,_la , A o7, , n R
Temperature Diffusion in the melt o Tu T F; r T ?) + IQUHPICP, F

Initially uniform temperature distribution

No permeation of outer cell border

Bubble interface temperature

Boundary and initial conditions

Ty(r,0)=1T, at > R, and t=0
o1,
(67" )y—s=0 at t>0
T(Rt)=T at r=R and ¢ >0
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at Tar 2 oor Py Or pep, 1
T,(r,0)=1, at r= R, and t=0 (5a)
&), = b
?T:S—O at t >0 (5b)
Zj(R,t):Y; at r=Rand t>0 (5¢)
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Table 2. Coefficients for Equation of Heat of Vaporization|6]

Index i=0 i=1 i=2 i= i=4 i=5
j=0 6.736e + 04 2.470e + 03 -2.34%9¢ + 03 -1.131e + 03 2.591e + 02 -1.08% + 01
j=1 -7.185¢ + 01 -3.534e + 00 3.650e + 00 1.639¢ + 00 -4.865¢ - 01 2.93% - 02
j=2 2.365¢ - 02 1.744e - 03 -1.594¢ - 03 -6.038¢ - 04 1.984e - 04 -1.270e - 05
Update Variables Depend on Calculate Concentration
Momenturm - Concentration and Profile Depend on Bubble Calculate Bubble
Start Equation Update Time Step ety Temperature at previous Pressure and Profile at Growth Rate
i i i Time Step previous Time Step
v v
Determine Initial Conditions Calouate Bubble Calculate Bubble
Pressure
Pressure
(Mass Balance) Gg;zh“;lu)m
Determine ¥
Calculated Initial Values
N ;
Diff < Error
\TafyfyConﬁx for Bubble Calculate Temperature
Energy Guess T Profile Depend on Bubble Calculate Bubble Y
Equation e58 ( Temperature and Profile at Temperature
A previous Time Step + Save Concentration
Frofil
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N
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Figure 1. Flowchart for numerical scheme.
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Figure 2. Radius ratio changes with time (1200 K, 3 wt% water).
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Figure 3. Driving force of volatile diffusion, D. F. = x (R, ?) - Xuveage
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Table 3. Final Packing Density Comparison Tenperature [C)
Non-isothermal Experimental error . . 3 . . . . .
[kg/em’] ke/em’] [%] Figure S. Packing density of pedite particle with various heating
temperature.
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Figure 6. Experimental packing densities compared with non-isothermal
results.
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A2 =
x,  : Water mole fraction in silicate melt
K" . Henry’s law analogue constant for water in substance i

R : Radius of bubble

S : Radius of shell

o : Density of perlite melt
vp  : bubble growth rate

: Ambient pressure

: Bubble pressure

o : Surface tension of perlite
n : Viscosity of perlite
m : Mass of water vapor in bubble

Vv : Volume of bubble
Py : Density of bubble

D : Diffusivity of water in perlite melt
x, : Water mole fraction in perlite melt
x, @ water mole fraction at bubble/melt interface

K : Henry’s law analogue constant for perlite melt

E : activation energy
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