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This thesis deals with the development of an experimental method to measure the small transient diffusion
fields and the mass diffusion coefficients of several species were derived from the experimental data. The
developed experimental set-up was applied to microgravity experiments and a comparison between the different
transient diffusion fields under reduced gravity conditions and terrestrial gravitation conditions was investigated.
This thesis consists of 7 chapters. Chapter 1 is introduction and the main body of this study is from Chapter 2 to

Chapter 6 and Chapter 7 is general conclusions.

Chapter 1. General Introduction and Background

Transport properties, such as the viscosity, thermal conductivity, and diffusion coefficients are essential to the
design of chemical processes and equipment involving fluid flow, heat and mass transfer and chemical reactions.
In particular, the diffusion coefficient is one of the most important properties from scientific as well as
technological viewpoints. One of the significant failing of the historical methodology for the investigation of
diffusion phenomena is the lack of experimental data under various conditions. Hence, the existing database
cannot satisfy a number of requirements in wide range of studies. In order to make the existing database useful
for a wide range of situations, a large amount of experimental work needs to be done. Numerous types of
experimental methods exist and many of these methods continue to be modified. However, these conventional
methods have critical disadvantage, which is the executive measurement time required. A period of a few hours
or even days are normally required to conduct the experiments. In order to make a new, useful database, an
experimental technique for short-time measurement of diffusion fields is required. The objectives in this study
are firstly to develop the method of derivation for mass diffusion coefficients using short-time measurement
technique. The second objective is to carry out microgravity experiment in order to investigate the relationship

between body force and diffusion phenomena.
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Chapter 2. Theoretical Approach to Mass Diffusion Coefficients

This chapter describes a theoretical approach to mass transport phenomena. The influence of body force
upon the diffusion phenomena and expression of mass flux in fluids were considered and a governing equation of
transport phenomena in the diffusion region was derived. A theoretical consideration of diffusion phenomena
proposes that there is negligible influence by terrestrial gravitation force upon the transient diffusion fields if the
elapsed time is less than 300 seconds. Furthermore, a theoretical expression for the derivation of mass diffusion
coefficients was proposed from the governing equations. This expression can derive the mass diffusion
coefficients by using experimental data for location of the fringes and the elapsed time from the commencement
of diffusion. The advantage of this method is that it can derive a large number of mass diffusion coefficients at

the same time, so that it ensures an accurate mean value for the mass diffusion coefficient.

Chapter 3. Development of Measurement System for Transient Small Diffusion Fields

This chapter deals with the development of a new experimental method for the measurement of the mass
diffusion coefficients, using a real-time phase shifting interferometer and shearing type cells for the measurement
of small transient diffusion fields. The mass diffusion coefficients were derived from the experimental data of

transient diffusion fields within 300

seconds as shown in Fig.1. The results 10.3

of all experimental runs suggested that the 1024 E E;EEL. )
present method could be utilized for a T . —3rdfringe v 1=180{s]
wide range of concentrations, regardless R 'f_z"fs:'::i;e : IZ§3§E§} ]
of the kind of solutes and their "% 10.04 )

concentrations.  Although the derived g 9.9

diffusion coefficients were slightly g 08,

smaller than reference values in the

literature, they were considered to be in 9'7-1 0 0.5 0.0 " os ’ 1.0
good agreement with this reference data. location [mm]

The utilization of shearing type diffusion ) .

. . Fig.1 Concentration profile of transient diffusion fields
cells leave some disturbances in the
diffusion fields for a period generally less than 200 seconds. These remaining disturbances are not macroscopic
such as turbulence, but microscopic. Therefore, only the experimental data whose elapsed time is over 200
seconds are utilized in deriving the mass diffusion coefficients. The measurement uncertainty was quantified as
described in the ANSI/ASME Standard. The experimental data of this present method was evaluated by 95%

coverage definition, and estimated to be less than *8.5% uncertainty.
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Chapter 4. Development of Measurement System for Transient Small Diffusion Fields
This chapter deals with a new experimental

technique, which utilized the phase shifting frontview oy, Side view

interferometer and the counter flow type (CFT)
Diffusion field
diffusion cell as shown in Fig.2. The cell has __,/_---—" usion fie

several unique properties: extremely weak initial

turbulence, giving a sharp step change of  50[mm]

_-quartz block
concentration field as the initial condition, and .
quartz glasses
giving continuous diffusion fields. In the T
experiments, the thickness of the initial boundary
10[mm]}

—H

layer of concentration was estimated to be less than
0.1 mm, which corresponded to the analytical results Fig.2 Schematics of counter flow type diffusion cell

for designing the CFT cell. No visible disturbances

have appeared at the beginning of diffusion, and the diffusion fields in the small channel develop
one-dimensionally. The transient diffusion fields were produced by this new cell type and were observed
experimentally. The diffusion coefficients of several species were derived from experimental data, whose
elapsed time were within 20 seconds, and evaluated by means of measurement uncertainty. However, the

experimental data within 10 seconds could not be utilized for derivation of mass diffusion coefficients because of

remaining initia] disturbances. The derived data showed good agreement with reference values.

Chapter 5. Application to Microgravity Experiments

This chapter describes the application to microgravity experiments by means of terrestrial facilities (an
airplane for parabolic flight and a drop shaft). A combined damping system, which was developed for parabolic
‘flight experiments, was used to reduce the external force condition. The quantitative evaluation of several

microgravity conditions were carried out.

The drop shaft facility could produce the D P
; i ) & 1G condition
environment of reduced acceleration level NE A Parabolic Flight LATCHED
of the order of 10* G without any kind of e 2.0 : ©  Parabolic Flight ISOLATED .
o E @ Drop Shaft
damping system. The parabolic flight, i 4 | _ -
however, could produce the environment of S ) ; =0 S
. 3] A
reduced acceleration levels of the order of & ‘o A 1 °
o U4 3 i p
10 G with the combined damping system. ‘-=> 3
. o s , 4
From the experimental data, the diffusion '§ 054 * |
1CH 1 £ T T T T T T T T
coefficients were estimated to be much a 2 4 s & 10 2 1 e s

smaller in comparison to that under normal concentration [wt%]
gravitational conditions as shown in Fig.3.

The difference of the values between the Fig.3 Summary of both normal and microgravity experiments
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1G data and the low gravity data strongly depends on its acceleration level and g-jitter. From these results, the
anomalous diffusion phenomena has been observed under the low acceleration level conditions. There is a
possibility that an external force such as terrestrial gravitation and g-jitter have great influence upon the diffusion

phenomena and transmute the diffusion phenomena based on the fundamental principle of mass transfer.

Chapter 6. Diffusion Phenomena and External Force

In this chapter, the experimental results from Chapter 4 and Chapter 5 were summarized on the same chart
and the anomalous diffusion phenomena described in Chapter 5 was discussed. An empirical expression, which
indicates the relationship between mass diffusion coefficients and the acceleration level of an external force on an
environment undergoing diffusion, was proposed from experimental data as shown in Fig.4. It was shown that

the empirical expression was applicable

within the gravitational range of 10* G to ; I
. ® experiment
equation

1 G. The theoretical expression for the 1.5

mass diffusion coefficients in liquid has 4 |

been proposed and evaluated. In order to

explain the anomalous diffusion

D/D,[]

phenomena which could be observed

under the reduced external force condition,

one hypothesis was proposed.  This 0.0 .......

hypothesis treated the concept of - , . —_—
2.5 -2.0 -1.5 -1.0 -0.5 0.0

micro-convection, which occurs under the . )
log (G) / D, [10 " s/m’]

gravitational fields and prevents the H,O
molecules from associating. Hence, the . . . o .
. Fig.4 Relationship between external force and diffusion coefficients
mass of molecules changes subject to the
external force. By using the concepts of the “hydrodynamic theory” and “association phenomena”, an
hypothetical expression for the mass diffusion coefficients in liquid are proposed, with several assumptions. The
proposed expression was evaluated using experimental data, and it was suggested that the expression may
describe the mass diffusion coefficients of a 3.0 wt% NaCl-H,O binary system in liquids. However, a further

investigation should be conducted to determine the general mechanism of the anomalous diffusion phenomena.

Chapter 7. General Conclusions

In this study, the experimental method to measure small transient diffusion fields has been developed and the
mass diffusion coefficients were derived using experimental data. The developed experimental set-up was
applied to microgravity experiments and the influence of external force upon the diffusion phenomena was

investigated. The contributions and new understandings of each chapter were summarized.
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