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Objectives

Reduce Immobilization Costs and Risks

e Optimize melter process efficiency

e Improve chemistry/process control for
long stability glass product

e Maximize waste loading in glass

e Reduce risk due to unpredictable melter
anomalies

e Insure environmental compliance
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A Vision of On-Line Diagnostics for Melters
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10-0.3 mm (30-1000 GHz)

Advantages for Melters
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MMW Sensor Approach

Mirror

Waveguide

Reflection

Window

sl

Th

Thermal
emission

Reflection

Glass

r=1-¢

Be.am- Coherent probe
splitter
N 4 )
44_‘\::\ _>>\ MM.W
> . > Receiver
ermal T l‘xt; 9 y
probe _
2222223 TRR Mirror
Parameter Measured Effect
Temperature(T): Thermal emission

Emissivity(e): Reflection, amplitude
Density(p): Reflection, position

Viscosity(n): Reflection, motion

Foaming: Surface acceleration/
emissivity

c.'a_."r'_l_f,-_.g m I,o'?
C kI e 60
| 1= [ -1
7, : P
®

Environmental Management Science Program *._/




Accomplishments

o Efficient high temperature MMW waveguides
demonstrated for melter interface to > 1500 °C

e Cold cap monitoring field test demonstrating MMW
engineering reliability and 2-D temperature profiles

e Innovative MMW viscosity monitoring
technology developed (R&D 100 Award)

e Thermal return reflection (TRR) method developed
for real-time emissivity/temperature measurements

e Second generation more compact MMW receiver
designed and fabricated for melter applications

e Initial MMW foaming signature 7 S

documented )EMSP W,

o

Environmental Management Science Program ./




n-r’P‘
\” Ej

: F”'St Generation

Rotaung w‘\'eguide '
Inconel / -

Window

Mirror cap > :
| Receiver

Mullite wg



RN
o
o
o

(@)
o

o)}

Temperature (°C)

cold cap
with pour

30 60 90 120 150 180 -r"ﬂ
~ View Direction (degrees) |




Viscometer Analytical Model

e Reynold’s number very small  p_PVD 4

for measurements of interest 7,
: . _ —| |«—2r,=D
e Simplified Navier-Stokes
equation applies waveguide
e Incompressible, laminar 4
flow
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Waveguide
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Observations Consistent with Model

e Waveguide flow time linear with viscosity over
large dynamic range 20 to 2000 Poise
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Thermal Return Reflection (TRR)

Emissivity and Temperature Measurement
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Thermal Analysis of Materials
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High Foaming Glass Measurements
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Glass Compositions

Oxide HLW #7 MS-7
(Viscosity) (High Foaming)

ALO, 6.02 8.00
B,O, 7.03 7.00
CaO 1.17 -
Cr,0, 0.30
Fe, 0O, 14.56 11.50
Li,0 3.01 4.54
MgO 0.19 0.60
MnO -—- 0.50
Na,O 14.92 15.30
NiO -—- 0.95
Si0, 45.14 45.31
Zr0, 3.01 6.00
Others 4.95 -
Total 100.00 100.00

§ EMSP

e G 1P

Te—{ \—=a

Environmental Management Science Program \_/



MMW Hardware Advances

First Generation Second Generation

The front end optics have been reduced to a small
quasi-optical waveguide block.
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Planned Research

Obtain more glass MMW viscosity data and tie
to theoretical interpretation for stand alone
monitoring from first principles

Carry out viscosity monitoring field test to
demonstrate engineering robustness

Obtain more foaming glass MMW data to better
establish this new monitoring capability

Research advanced parameter measurement
capability
v Non-contact thermal analysis, liquidus, redox,
gas temperature, salt layer, surface tension

Continue MMW hardware refinement
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