[2R2 sz

2 H—F UK}

Science Tokyo Research Repository

Od/dodn
Article / Book Information

Citation(English)

Type(English)

OoOoOoooOod
OoOoOoooOod

Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1096901,

Conferred date:2018/9/20,

Degree Type:Course doctor,

Examiner:,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(f-3RER)

Doctoral Program
=2\ =
A j( % =]

THESIS SUMMARY

B PR HRE L (2« 1t o

T ~h
Department of Jﬁ%j:%j:% ﬁ 5( Academic Degree Requested Doctor of ( L )
25 . S 2 B =) -
%EEV% : ZHOU JIAJU ?a%%&é! (3) 3 K R
Student” s Name Academic Supervisor(main)

fREEE E)

Academic Supervisor(sub)

FE (3L 800 FEFRE)
Thesis Summary (approx.800 English Words )

This thesis describes studies of Joule-heating flow and diffusion flow in LFCM process melter shape models used
experimental model and numerical model. Chapter 2 observes Joule-heating flow behavior in a 2-D glass melter shape model
cavity named slopping bottom cavity to understand characteristics of Joule-heating flow in the glass melter. Chapter 3 is
devoted to develop GSMAC-FEM code applying on Joule-heating calculation in the slopping bottom cavity and the code
was verified by experimental result written in the chapter 2. Chapter 4 describes diffusion flow of high viscosity fluid in a
cylinder tank which is the validate results for HLLW diffusion simulation in the glass melter. Simulation of high viscosity
fluid diffusion is reported in Chapter 5, followed by the overall conclusion in Chapter 6.

In the Chapter 1 “Introduction”, background of research about the vitrification technology of High Level Radioactive
Wastes (HLLWs) using Glass melter is presented.

In the Chapter 2 “Experimental investigation of Joule-heating flow in a glass melter model”, the flow behavior of
Joule-heating flow in a 2-D glass melter shape model cavity named sloping bottom cavity is observed. This chapter presents
the characteristics observation of Joule-heating flow occurs in the sloping bottom cavity using glycerol-water solution as
working fluid. For flow measurement, the instantaneous velocity profile is needed to understand the flow characteristic. In
the chapter, the flow profile on the center vertical line is observed by the UVP method, and the PIV method is applied to
observe the flow behavior two-dimensionally. The temperature profile is obtained by thermocouple measurements. In the
sloping bottom cavity without the electrode cooling, chaotic flow occurred just in the upper part, only a small flow was in the
sloping bottom part. In the condition with the electrode cooling, the chaotic flow also occurred in the upper part of the cavity.
The Joule-heating area was similar to that without the electrode cooling.

In the Chapter 3 “Numerical investigation of Joule-heating flow in a glass melter model”, the simulation analysis of
Joule-heating flow by computational codes is presented. The flow behavior in glass melter is too complicated by interfering
of flow field, thermal field and magnetic Field. Hence, finite element analysis code, GSMAC-FEM, which applies coupled
solution of temperature field, flow field and magnetic field, is utilized to simulate the molten glass. To validate the GSMAC
code, experimental results reported in the Chapter 2 is used to compare the numerical result. As a results, a comparison of
history of temperature measured at center of cavity shows good agreement between experimental data and numerical results.
Moreover, Fast Fourier Transform (FFT) was used to investigate quantitatively the Joule-heating flow from the time-series
velocity data. The same slop of FFT analyses of numerical data and experimental data could be observed. After the
validation, the molten glass was applied as a working fluid in the real scale sloping bottom cavity model in the GSMAC
method to predict the flow in the glass melter.

In the Chapter 4 “Experimental investigation of feeding flow diffusion led by concentration and density difference”, the
flow behavior of diffusion flow by flow feeding in a cylinder tank modeled HLLW feeding is observed. To understand the
flow diffusion, the injected fluid concentration was measured using an Electric Resistance Tomography (ERT) technique at
the top, middle and bottom levels in the cavity. A vertical velocity component was also measured using an Ultrasound
Velocity Profiler (UVP) technique. The concentration profiles of the injected fluid at different levels in the cavity were found
to change with the viscosity of the injected fluid, and the velocity was found to depend on the density of the injected fluid. As
a result, after injection into the cavity, the injected fluid formed a ball at first, and the liquid ball flowed down by gravity with
the diameter increasing slowly. However, the liquid ball did not fall downward in a straight path due to the shape deformation
and the drag force from the surrounding liquid changing its direction. As the liquid ball falls, a thin long stream of liquid was
left behind by the ball. After the liquid ball reached the bottom of the cavity, some residual flow could still be measured in
the surrounding fluid.

In the Chapter 5 “Numerical investigation of feeding flow diffusion led by concentration and density difference”, the
simulation analysis of diffusion flow by computational codes is presented. A commercial CFD code fluent using Volume of
Fluid (VOF) model was applied to calculate the flow diffusion after injected into a cylinder tank. To validate the model,
experimental results reported in the Chapter 4 was used to compare the numerical result. The diameter of injected flow had a
good agreement between the experimental data and the numerical data.

In the Chapter 6 “Conclusion”, insights the chapter 2 to chapter 5 are summarized in this chapter.
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