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i LV R R LB I IV DD H 7 ABUE TRICB W T, A&kc# & ORE - ILRXE %
DA T AYREIE OGBS IS B E KIET 2 ERRRMEINTVWD. BIEIL, SRV I 2 —va i k- Tl
fRtr a2 —757, MEE=2 U V7 EIC XD NEBIC L0 EEEHE T O TV D28, WFNRENRRT I
W CILFEBRA 22 R T 7 A MBI EHI FIE OB RO b TWD. L LR b, —iZeiishidz ot L
THERIE S AV DN T E I HBTIEL, R 7 A ORFA ARG APEC RS OS82 X 0, i 23 IR 8
Tholz. T TARBFIETIK, 7SV RBEW & FAW =5 Tk T H D83 I 58 45 #7175 (Ultrasonic
Velocity Profiler Method: UVP ) Z JGH L 72 8SF T 7 ZAENE =2 V) VY FIEOREZ1T- 7.

AFwsCiE, [Astudy on flow monitoring in molten glass by means of pulsed ultrasound (<L A #3552 v /-
iﬁ@ﬁﬁ X?ﬁg%:dV VoI A8898) 1 LREL, 6 BRIV IILTVD. KX OFEICBIT 5%
B L TITRT.

% 1% lntroduction] Ti¥, EIROERIZOWTIRAT%, EET 7 2 O @5 IR T 2 KRB
KOG 9 2 2 T 72 22 i A SR 77 L = ) X A DBRSE, SEEE )7 1kds K OWEEE L7531l
AT LORRFENEE T D &Ik, YRR 7 AN~ ER A2 EZE T D7 O RE S 2T DO EBLR
WCTHDHI AR, E6IC, EEAMY AT HLEEEREY A7 LAEMAGDE T, BT 7 Ao 5
R DS & B A1T 5 2 & TR 7 ARBITE =% ) > 7V OFIMEERIET HLERSH D Z & &R
L, BWFFEOALEDT, BRBIOENEZ RN,

%5 2 % [Development of UVP for molten glass| Tli%, JEWEREHRIZIHIT 5V ABONAHZEICHEH L,
REH T ANFHANCE S L7 UVP OSSR Y 27 L& BI%E L, UVPIEICE T 5 M FIREE 2>V T
FEENRE DML & FHINEEE & i 95 2 & TR 21TV, FEM RITE S e M w Ee 235 R IR EE 1252
BILHZLaBonc Lz, £z, RS HENBHAEERIVOKEEE NI, 74 7 —27 =y Mtz
FAWTZRIRIZ BT D MEEERIC K - T, BiF LB 27 AR OFHERZ L O TS - 2 7E
WEETLHZ EERALNICLE,

% 3 % [Realization of ultrasonic transmit system into molten glass) T, EEAT 7 AN~BER DOEZE %
1T T2 DB AT K EFBT 572018, WA 7 2T 5 5 BEAE LB RMEICER L, Sk
MEOEZBRIRET 21T, AT A4 MREWIENEZ R L, Vva=T M@ iE etz s34 F2 0 50
[ L7e. F7o, HEBEEE TOE— FEHRE LUOFHIC L > TAEL BT 3 — OB T, 3ol E
WABHE Y X 2 b—ya VAR UTBERIIR & il B B OGN Fik & LT, IRHE SV R & RLREH]
7 — ) m W E W R ERE L.

% 4 % [ Acoustic characteristics of molten glass) Ti%, WEHFHANZEL D, PFEREMRE LIk E & Ay
I A BESRIAEL 7 AIZH1T D 1000 CH 5 1200 °CTOMFE OFHE & RIC OV TRl Z 1TV, AIRE
FHETHNIHERIIIZEETH Y, R LORESMICL D E— AR OZEII DN LaRd &L
BT, WEERITEE LB EN OB L CRED ZEEWHLNIC L, £72, —AROERETEZE
% AT B B SIE 2 G LT R O RE e 2 S BRERE M L & LT, B a — 0B KT 572
DOFHFILEL K OME SFUBEFIELRE L.

% 5% [Application of UVP to molten glass| Ti, RAiFEE TICH OGS AT A LEEHES AT L L
ERLAG DRI T =2 U v VU AT AR L, BB OB DA 7 ANEZREH L T5 21K
T OFART R 2 5Pl 2 2 & C, EHEE WO UVP BRI IR 7 AN TOFH A BEREEDS,
HWRICBI BT 2 — LUV LRI T ANICBIT 2 EEEERIZL > TEDLND Z L 2 ERNIC
O L. F77, BUANOBEREZBEE L= a = 7RO A 7 2 hICBI1T 58OV T b 81
FRECTHDH I EERL, KX THELIEE=XY VAT LAOFIMEEZHL NI LT,

% 6 % [Conclusions] TiE, FEICBWTHELNIZEREZERHL, s LTW5.

PAEIZ X0 ARGRSCTHE, IRV EREECR IS 3810 57OV ARG 222 -T2 8T LUVME S U o 2 7 2 % BRJS
L, UVP IEIZHT 23 FIREEICOWTHOMNTT D & & HIT, WRlY 7 A2 U7 8 iatil e 2 7
LEREL, WU T ANTEE=42 ) 7 OFMEEZR LT,
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The platinum group metal issue is recognized in vitrification process of high-level radioactive waste.
Experimental flow monitoring technique is essential to clarify the flow mechanism in glass melter. However,
optical visualization method, which is commonly applied to normal flow fields, cannot be employed to
molten glass due to its optical opacity and strong thermal radiation. On the other hand, ultrasonic velocity
profiler (UVP) is one of the applicable methods in such a hostile condition. However, application of UVP to
molten glass flow is yet challenging due to high viscosity and high temperature. The objective of this work
was to develop flow monitoring technique in molten glass by means of pulsed ultrasound.

Concerning high viscosity, flow field is expected to be slower than one mm/s. That is possibly the same
order of detectable speed of UVP. In addition, high absorption of ultrasound can restrict the measurable
range. In order to solve these issues, broadband signal processing technique for UVP was presented and
implemented to the measurement system. Minimum detectable velocity limit of the UVP method was then
evaluated experimentally, and was affected by signal to noise ratio in real condition. Validity of the
measurement system was also confirmed using several flow configurations.

Buffer rod system was then constructed to transmit ultrasound into high temperature molten glass.
Suitable material selection was discussed from a viewpoint of acoustic wettability and corrosion resistance.
Three-dimensional simulation of ultrasonic propagation in the buffer rod was employed in deciding the
emission frequency and shape of the rod with lower spurious echo signals.

Measurement of acoustic characteristics of molten glass was demonstrated using constructed buffer rod
system to evaluate the applicability of UVP. Sound velocity from 1000 °C to 1200 °C was almost constant,
and therefore, temperature distribution along a measurement line will not significantly affect the
measurement. Acoustic attenuation coefficient was also evaluated and was found to be a function of
frequency and temperature.

By measuring the velocity of moving back wall, it was concluded that measurable distance is determined
by signal to noise ratio and attenuation coefficients in a fluid. Subsequently, motion of a ball suspended in
the molten glass was successfully measured.

This thesis presents the applicability of the UVP method for the flow monitoring in molten glass. This
was enabled by developing the UVP and the buffer rod systems specialized for molten glass.
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