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Fundamental experiments on flashover of a porcelain
insulator with AC high voltage

Iwao Kitamura, Shin-ichi Sawada, Eiichi Takeda, Toshinari Yamazaki,
Takakazu Takahashi, Nagayasu Ikeda

2)3)
Follwing previous papers, flashover characteristics of a porcelain insulator by applying AC high

voltage are fundamentally examined. We get the many protections on flashover of a
porcelain insulator into the guiding principle from many experiences of high voltage experi-
ments. The principle consists of the following three items:

1) divide the electric line of force into small length as possible.

2) concentrate the line within high insulation materials by a specific dielectric constant

contorol.

3) trap the line with the shape of high insulation materials.

Experiments belonging to two categolies are carried out. One is of division of the line by
several layers of dishes. Another is of concentration of the line with the high dielectric
materials. It is found from the fundamental flashover experiments that there are a optimum
distannce for the divide the eletric line of force into small lenght and a certain curve which
represents flashover voltage per unit diameter of a porcelain insulator as a function of the
distannce of two electrodes and our guiding principle on the protection of flashover of a porcelain
insulator is certain to be available.
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Random connected circuit
-A case of simulation used transisters-

Nagayasu Ikeda, Iwao Kitamura, Toshinari Yamazaki,
Takakazu Takahashi, Yoshihiro Sekine.

An arrester for electric power system which protects the surge voltage due to lightning
discharge etc. has a nonlinear characteristics. There are many phenomenological theories about
it, but not fundamental ones. The sintered arrester consists of huge numbers of fine semi-
conducting particles. One particle of them contacts with the neighbour particles at one or few
points. It results in huge numbers of random commected circuit of semi-conducting particles.
The nonlinear characteristics is expected to arise from such huge numbers of random connec-
tions. A simulation of random commected circuit with many transisters is carried out. Its
circuit is connected by following severe rules controlled with random numbers. It is found from
preliminary simulations that randam connected circuits with transisters result in cut off states in
any stage and the stages agree with the results from the analysis of probability theory. A certain
result, therefore, can not yet get for the nonlinear characteristics.
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Atomic Layer Control of the Bi Based Superconducting Thin
Film
by MBE Method with Monitoring the XPS Signal.

Kouj1 Suzuki, Yuji KisHIDA,MIKI SHIBATA,HIROYOSHI ONNAGAWA
and KAzuo MIYASHITA

Atomic layer control of each component material is indispensable for the low temperature
epitaxial growth of Bi based superconducting thin film on a single crystal MgO substrate by
sequential multilayer deposition method with MBE apparatus.

However, it is not always easy to control the number of atoms equal to be a single atomic layer
by the conventional control of evaporation time. In this experiment, we tried to find the
optimum substrate temperature for the deposition of only one atomic layer. We have obtained
the substrate temperature for the deposition of Bi mono-layer on the MgO substrate. However,
we have not found the good condition for deposition of Sr mono-layer.
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Organic Thin Film Electroluminescent Devices
——The Influence of Hole-Transport-Layer Materials
on EL Characteristics——

Shigeki Naka, Takanori Yoshio*, Miki Shibata
Hiroyoshi Onnagawa and Kazuo Miyashita

Six kinds of organic materials were tested for hole-transport-layer in the single hetero structure
of organic thin-film EL devices. 8-hydroxyquinoline aluminum (Alg3) was used as an emission
layer material.

Both layers were evaporated continuously in a vacuum chamber without breaking vacuum.
The film thickness of each organic layer was about 50 nm. Metal Ca was evaporated as a
cathode material with small work function. 4- (diphenylamino) benzaldehyde-N, N-
diphenylhydrazone functioned as best hole transport material. The brightness of the EL device
of Alq3 and hydrazone was 1000cd,“m? at 300mA_~cm?.
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Smectic Layer Structure in a Ferroelecric Liquid Crystal Cell
and its Electric Field Induced Deformation

Norihiro Ninomiya, Katsuyuki Murashiro, Takashi Terasawa
Michio Kuwahara, Hiroyoshi Onnagawa and Kazuo Miyashita

It is well known that a layer structure in a ferroelectric liquid crystal cell has direct effect upon
electro-optic characteristics, and, the book-shelf structure is good for a high speed response and
high contrast display panel. In this paper the experimental results and considerations are
described about influences on the layer structure of the intensity of spontaneous polarization of
liquid crystal materials, methods and materials of surface treatment and applied electric fields
during both the cooling process and the panel-driving. The layer structure was checked with
method of the X-ray diffraction analysis.
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Optical Response Characteristics of an Antiferroelectric
Liquid Crystal

Tetsufumi Sakurai, Toyoaki Kato, Hiroyoshi Onnagawa
Noriyuki Nakatani and Kazuo Miyashita

Optical response time of an anti-ferroelectric liquid crystal material, a mixed compound, was
investigated. The response time from anti-ferroelectric to ferroelectric phase, i. e =, at 87°C
5v,/um is about 200us and decreases with increasing applied voltage. Response time from
ferro-electric phase in high electric field to anti-ferroelectric phase around the zero electric field,
i.e. m,is about 0.6ms at 87°C and does not change with the strength of applied electric field. =
decreases as the temperature rises from 72°C to 82°C, and increases as the temperature rises from
82°C to 92°C. =, decreases monotonously as temperature rises from 72°C to 92°C. Reduction of
7, about one order of magnitude into the range of 100us was succeeded by applying a weak
electric field of reverse polarity.
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Preparation of Polyimide Langmuir Blodgett Films for Use
in Aligning Liquid Crystal Molecules.

Minoru Oyama, Miki Shibata, Hiroyoshi Onnagawa
and Kazuo Miyashita

Experimental conditions to prepare good Langmuir-Blodgett (LB) films for aligning liquid
crystal molecules have been investigated. One kind of amphiphilic polyamide has been synthes-
ized and spread on the pure water. The surface pressure waskept constant at values between 20
and 30mN/m at 25°C and multilayers were tranferred onto ITO coated glass substrates by the
vertical dipping method using our own-made moving wall type LB trough. Two kinds of
imidization methods were tried, i.e.(1)heat-treatment & (2)polimerization in a solution of anhy-
drous acetic acid, pyrimidine and benzene in the ratio of 1:1:3 (volume). Capacitance versus
voltage and optical transmittance versus applied voltage characteristics of nematic liquid crystal
cells showed hysteretic behavior, i.e. memory effect, for the cases of low temperature heat treated
polyimide LB layers. On the other hand, no hysteretic behavior was observed for the cases of
high temperature heat-treated or the solution-treated LB layers. Especially, for the cells with
the solution treated LB aligning layers, uniform and defect-free alignment was obtained.
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On the time Complexity of Methods to Derive the Disjoint
Disjunctive Form of Logical Expressions.

Hideo MATSUDA, Takashi MIYAGOSHI and Toyomasa HATAKEYAMA

In this paper, we deal with the time complexty of (our) MA method, (SASAQO’s) SAS method
and (CHAN’s) DT method to derive the disjoint disjunctive form of a binary function with
p-valued input. The times complexity of MA method is derived directly by estimating the
number of trouble expended on each step of the algorithm for one of the function which has the
maximum number of terms in the case of n-variables. That of SAS method and DT method
which belong to tree type algorithms is derived by enumerating the summation of the number of
terms at each node of those trees for the same function. The following time complexities are
shown : for MA methode, O (np?”) : both of SAS method and DT method, O (#?p").
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The Ring Shaped Energy Release of‘
the Solar Twisted Magnetic Loop

Shinji Koide and Jun-ichi Sakai

Laboratory for Plasma Astrophysics and Fusion Science
Department of Electronics and Information

Faculty of Engineering, Toyama University

3190, Gofuku, Toyama 930 JAPAN

Abstract

We investigate the magnetohydrodynamic (MHD) instability of the magnetic loop in associa-
tion with the solar flare. We use ‘safety factor’ ¢ to describe the local twist of the magnetic loop
where low ¢ value means the strong twist, then it becomes more unstable for the MHD instabil-
ity. We present the ¢ profile on the equilibrium for two types which may correspond to small
and large flare. One type corresponding to small flare is the slim cylindrical untwisted magnetic
loop in initial stage. When the tube is twisted, low ¢ region is localized around the axis of the
center of the loop. We conclude that the localized low ¢ region must be ring shaped. The
energy release by MHD instability can be localized with the ring shaped region. The other type
is barrel shaped untwisted magnetic loop which may correspond to the large flare. After the
twist, low ¢ region is wide along the axis. . The MHD instability is caused on the whole magnetic
loop, therefore the energy release is global.

§1. Introduction

It is well-known from observations that the magnetic loops are twisted in many situations.
The physics of magnetic loops is an important subject associated with phenomena of the solar
atmosphere, such as nolar flares, prominences and sun spot, in other astrophysical objects like
molecular clouds. It is beleaved that in solar flares magnetic energy stored in many twisted
magnetic loops can be explosively released (Svestka, 1976). Parker (1979) developed the
structure of untwisted magnetic loops confined by an external plasma pressure. Browhing and
Priest (1983) studied the equilibrium structure of an axisymmetric twisted magnetic loop, which
is surrounded by a field-free plasma with pressure. Zweibel and Boozer (1985) developed a
theory of the force-free magnetic loop which linearize the equilibrium equation and discussed the
magetohydrodynamic (MHD) instability of the loop. Recently several authors (Velli et al.
1990a, 1990b, Foote et al. 1990) investigated the MHD stability problem of the magnetic loops
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which ends are line-tied at the photosphere. The corona
non-linear development following the MHD insta-
bilities in the magnetic loop has been studied by
computer simulation (Steinolfson & Tajima 1987,
Zeidman & Tajima 1989, Mikic & Schnack 1990,
Strauss, 1990).

The twist of the magnetic loop arises from
the rotational motion of the feet of the loop as
shown in Figure 1. The strong twisted loop is
unstable for the both local or global MHD insta-
bilities which cause the magnetic energy release.
In this paper we present a theory for the MHD K—/
equilibrium of the solar twisted loop to explain

magnetic
loop

photosphere

rotation
some of the important questions about solar  Figure 1. The solar magnetic loop is twisted

flares. The important questions are; with the rotation motion of the photos-
1. When the energy release starts? phere.

2. Why the energy release starts at the center of the loops for small one?

3. Why the energy release of the large flare is global ?

In section 2 we present a theory of twisted magnetic loop to give answers for the above
questions. In section 3 we discuss the above questions, based on results obtained in the previous
section. As concerned with the second question, we conclude that the energy release in the loop
is localized and ring shaped. These results imply the ring shaped Ha brightening on the
photosphere and the ring shaped source of electromagnetic radiation on the top of the loop. In
section 4 we summarize our results.

§2. Model of Twisted Magnetic Loop

The solar magnetic loops associated to the flare are shaped as arch which dimension L is
spread from 1X10° m to 2X10’m. (Tanaka, 1987) For simplicity, we assume that the magnetic
loop is straight and fixed at the ends of the photosphere. The magnetic loop is twisted by the
rotation of the root of the loop at the photosphere. The initial magnetic field is assumed to be
straight which magnetic field components are given by

Br:Oy
B, =0, (1)
B:=B4( 7’)’

Where the cylindrical coordinate (7, 6,z ) is employed as shown in Fig. 2. The ends of the loop

are twisted externally at z = L /2 and z = — L /2 where the angle of rotation is A8(7)/2,—A6f

(7)/2, respectively. The radial direction edge of the loop is fixed at » = a where a may be

infinite. The magnetic field is governed by the MHD equilibrium equation
jxB-vb—-pvé=0, (2)

in addition to the boundary condition where ; , E,P , D, ¢ are current density, magnetic field flux
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density, pressure, mass density and edge

gravitational potential, respectively.
We focus on the magnetic field
struture in the MHD equiliblium due to
the rotation at the ends. One field line 55
of the initial magnetic field is char- 2 P
acterized by (R, 0=0,z ). After the
rotation at the ends keeping MHD
equiliblium, the twisted magnetic field
line is labeled by (7 = f (R,z ), =0
(R,2),Z), where we assumed that
the twisted magnetic loop is axisym-

magnetic surface

L z=0
=77
end center end

Figure 2. The cylindrical model of the twisted mag-
netic loop is employed. The cylindrical coordi-

metric (2/06=0). The magnetic nate (r, 6, z) is used. The photosphere is corre-
. P sponding to z=L/2, -L/2. The twisted magnetic
field is given by loop is shrunk around the center of the loop for
B.(7,z)= the initial MHD equilibrium loop or expanded for
of (R.2) RB°(R) the inner magnetic pressure is high enough.
2z of(R,z) "’
f(Rz2)—"5p
_RBI(R,z) 20
Ba(r,z)— af(R,z) az ’ (3)
oR
_____RBIR,z)
Bz(7’,z)— af(R,z) )
f(R,z )T

where 7 and R are related as » = f (R,2 ). It is confirmed that the above expression of the
magnetic field satisfies div B=0, using a simple relation

_of
BT—WBI.- (4)
From taking inner product of B with the equation (2), we find that
B-(vo+pve)=2L(2L 4 p22) 420 15 3¢ (5)
Each component of the equation (2) is written as

. s _9p o¢

]BBZ ]TBz—ar+p ary (6)
szr_ jrBzZO, (7)
. . o

]rBo_]sBr:_gf(gf'*'p af,)y (8)

where it is shown that equation (6) and equation (8) are the same equation according to equation
(5). Itis noted that equation (7) implies also the poloidal symmetry. By equations (3) and (7),
we get

B: @ ( [ 0 00\ _
_f_az\af/aRRBzaz )—0. (9)

We can define the function of the only R,
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o2 f o0
9f/o9R 9z

From equations (3) and (6) we find that,

F(R)= -, RB:. , - (10)

@ [1+(8f/22)? o2 o [_af/oz 0y2
[rtarrery R B +53 [faf/aR (RB2?)
1+(8f/0z)* oyz2__1 9 a¢
t R Ry (RBY =5 e (Sht 055 (1)
The plasma pressure is taken as
p=0°(R)

for isobaric change of the state, and as

L12 2 —-r
p=poR) (G Saz)
for adiabatic change of the state. The gravitational potential is taken as
¢=¢°(f (R,2))
for external gravitation force. In this paper, we do not treat the effect of the pressure and

gravitation.
If we introduce the flux function v, defined as

R
y=2z [ B2(RVR'dR’,

we can rewrite equation (11) as

3 a [1+(af/az)2]+ G [ af/az }

2f(of/oy)? -f(er/ay)
1+(of/o2)* L 9 . 2 (817 8¢>
+2f BF/op) ~2f ¢F+(27t)f 3R+p ) (12)
and equation (10) as,
q (10) o @) (b)
F(R .
(af /oY) oz upper corona
The equation (12) is the same one derived by expand
Zweibel et al. (1985), if we neglect the second —
term of the right hand side, showing pressure .
magnetic
and gravity effect. This equation is a gener- tube

. . . 1
alization with the effect of the presure and ower corona

more useful compared with equation (12), f;\\
when we consider the field reversal configu- />\

ration in magnetic loops which is interesting N N rotation U u

object in solar flare. photosphere photosphere
The boundary condition is given by Figure 3. The two types of the solar loop
L corresponding to (a) the small flare and
f (R, i7> =R (13) (b) large flare. The loop of small flare
I Ag is slim because of the external magnetic
L\ _, A0 field is strong. That of the large flare is
®<R’ + 2 > =% 2’ (14) barrel shaped because of the week mag-
netic field on the upper corona. The
at z = 17 and difference of the figure of the loop causes
the different MHD instability for two

fla,z)=a, (15) types twisted magnetic loops.

at r =a.
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The important quantity, so called safety factor ¢ which characterize the stability criterion
of MHD instabilities like kink instability and tearing instability is given as ’

_27[7’Bz(7'2)— 2
I(r2)= B, (r.z)  L(98/32)

According to equation (11) we get

_ S < L)
q_(af/aR)Rq R, +5). (17)
By using equation (16) we find the relation between the rotation angle of the twisted loop and

(16)

shrink radius f as

LAG_ 1 f% R(3f/3R) ,,
2z~ ¢(R,xL/2)J -+ f ’
Therefore we find that
_2n <U> ,
=86 1%
where breakdown parameter of uniform shrink is defined as
(= RIGLIORL, (19)

and the average of the breakdown parameter U along the toroidal direction of the loop is given
by

L

<U>E% iUz . (20)

2
_y of '

As (0, z)=0, _87(0’ z ) #0, we find that

U@, z)=1 (21)
so the safety factor on the axis is constant,

_ 2=
q (0, 2z )_—Aﬁ(O) . (22)

It is noted that low ¢ value region on the axis is not localized.
§3. Application to the Solar Flare

The magnetic loops associated to the solar flare are divided to two types; the large loop and
small one. The observation shows that the small flare is impulsive and has local activity, on the
other hand, the large one is gradual and has global activity (Tanaka 1987). The energy of the
flare activity is supplied by the rotation motion of the root of the magnetic loop on the photos-
phere for both types. The reason why the magnetic energy release is different between these two
types is that of the figures of the untwisted magnetic loop between two types. The shape of the
loop is swelled for the large one as like barrel; on the other hand, is slim for the small one. The
barrel shaped magnetic loop is twisted strong near the ends, on the other hand, the slim magnetic
loop is twisted strong around the center except on the axis.

The strong twist is described as low ¢ value. The low ¢ value region is unstable for MHD
instability especially for kink instability (Bateman, 1987). We present the estimation of the ¢
value for both garrel shaped magnetic loop and slim one. We treat two different types of
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magnetic loops on the MHD equilib-
lium before the twist as shown in

(a) cylindrical tube (b) barrel shaped

figure 4 (c) and (d) corresponding to /] -

slim cylindrical loop and barrel ¢

shaped one. Therefore we must

treat the initial magnetic field as

shown in figure 4 (a) and (b) corre- 2 .
sponding to the slim magnetic loop end magnetic end magnetic end
and barrel shaped one, respectively. tube tube
After the magnetic loop is twist- (c) (@)
ed, the both types of the loop are g
shrunk from the untwisted loop on ]
the MHD equiliblium (figure 4(c) /
and (d)). Nevertheless, barrel T
shaped loop is expand in comparison ‘ ‘
with the loop of figure 4(b). Wetry end end end
to describe the shrink and expansion

AN

®
of the loop as ©

f=R+c(z2)R(R*—a?), g /
(23) C CC C
loop and negative for the expand one jj/\E
d end

where c(z) is positive for the shrink 2 i E
like in figure 4 (e) and (f). ’
We assume that the breakdown end en

parameter of the uniform shrink U is . Lo
Figure 4. The cylindrical model of the two types of the

given by magnetic loops; right side corresponding to the small

2 flare or slim cylindrical loop and left side to the large

U=3- cR? (24) flare or barrel shaped loop. (a) and (b) are initial

1+W cylindrical loops without MHD equilibrium stage for the

. analytic method. (c) and (d) are untwisted loops with

For the shrink loop, f/a at the center MHD equilibrium. (e) and (f) are twisted loops with
is describe as shown in solid line of MHD equilibrium.

figure 5 (a) where c is 0.5, on the

other hand f/a at the ends is describes as broken line where ¢ is zero with boundary condition
(13). For the expand loop, f/a at the center is describe as shown in solid line of figure 5 (b)
where c is-0.5, at the ends c is zero too. The average value <U) for the slim cylindrical loop and
the barrel shaped one is given as ¢=0.1 and c=-0.1, respectively. We further assume that the
rotation angle of twisted magnetic loop on the ends is '

AG(R)=(AB(O)—AB(a)) {1—<£>l}+A6(a), (25)

a
where power 1 is always 4, Af(a)/Af8(0) is 0.7.

Figure 5 (c) and (d) show ¢ profile of two types of the twist loops for the slim magnetic loop
and garrel shaped one according to the equation (18). For the slim magnetic loop, the ¢ value
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of the center is smaller than that of the
ends. Therefore low ¢ region is

(a) (b)

localized around the center of the loop. 1.0 y LOprrrrr T
It is noted that ¢ value on the axis is osf /,,.-"" ] O-BE _
larger than that of the edge, so low ¢ 0'65_ . ] o 6:_ . "]
region is ring shaped as shown in fig- & b 1 8 ok e
ure 6 (a). The MHD instability is e S ]
caused like ring shaped, then He emis- * [- ; 2 /i ]
sion and electromagnetic radiation %80 02 04 05 08 10 80 02 04 05 03 10
source is expected to be ring shaped. R/ R/a
By Abel transformation technic, we (c) (d)
may be able to observe the ring shaped e
structure of the source of electromag- g 25 ' i s
netic wave directly. a'ér s e q‘é

For barrel shaped loop, ¢ value (1,2 IO

on the center is larger than that of the
ends as shown in figure 6(b). The

R/a

Figure 5. The safety factor ¢ is presented for slim cylin-

global MHD instability is caused drical twisted loop (c) and barrel shaped twisted loop

which is observed as the wide magnetic
energy release.

Corresponding to the first question, it is
noted that the ¢ value at the axis is given as
equation (22). By one more rotation twist,
q value cuts one around the axis and the
(internal or external) kink instability is
caused at least (Bateman, 1978). For both
slim or barrel shaped magnetic loop, after the
one rotation twist, kink instability is unsta-
ble. The radius of the loop on the root is
1X10°m, 1X10” m for small and large one
respectively. The rotation velocity is 100m/
s. So the time when the kink instability is
caused is one day and ten days order for the
small and large loop, respectively.

The other thinking exists for the treat-
ment of the MHD instabilities (H. Sugama).

(d).

(a) (b)

low q

/ region
[0

photosphere photosphere

Figure 6. The low ¢ region is described by
shadow. The small flare becomes MHD
unstable from the center of the loop, on the
other hand large loop is unstable for whole
loop. It is noted that the magnetic energy
release of the small flare begins from the ring
shaped region.

For the barrel shaped magnetic loop, the instabilities is stabled by the strong magnetic shear. On
the other hand, the magnetic shear is week of the slim cylindrical loop at the center, therefor the

instabilities is easy to be caused on the center of the loop.
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§4. Conclusion

We investigated the MHD equilibrium of the line-tied magnetic loop which is twisted at the
ends of the magnetic loops for both the slim cylindrical loop and barrel shaped one. New
treatment of the equilibrium for the non-force-free magnetic field was given in general, though it
is difficult to get the exact explicit solution. The important value ¢ value which describes the
twist of the magnetic loop is evaluated to discuss the linear MHD stability. The barrel shaped
loop which may corresponding to the large flare loop is twisted in wide region along the axis. On
the other hand, the slim cylindrical loop is twisted strong in the center of the loop. The new
prophecy is that the energy release region is localized far form the axis around the center of the
magnetic loop in this case.

The exact treatment of the time evolution of the equilibrium and instabilities will be given
elsewhere by the three dimensional MHD simulation with semi-implicit method which had been
developed for the field reversal pinch fusion devise.
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TRANSIENT THERMAL STRESSES IN AN INFINITE CLAD SLAB
SUBJECTED TO y—RAY HEATING

Takahito GOSHIMA

Introduction

Clad materials are often used in many pressure vessels of nuclear reactors. Heat is generat-
ed in that pressure vessels by absorption of y-rays which emanate from the core of the reactor.
Design of the reactor pressure vessels requires the analysis of the temperature and thermal
stresses due to y-ray radiation. Considerable investigations have been performed on such
problems. The thermal stresses in a hollow circular cylinder due to internal heat generation
were considered by Kraus et al.”), Weil® and Schmidt et al.®). The transient thermal stresses in
a slab due to internal heat generation were analyzed by Goshima et al.®), Singh et al.®-® and
Thomas et al.®). However, all these investigations have dealt with the uniform materials. The
investigation for a clad material due to y-ray radiation has been little given in spite of the
availability for the nuclear reactor design.

In the present paper, we consider an infinite clad slab subjected to transient internal heat
generation decaying exponentially along the slab thickness due to y-ray radiation on a clad
surface, and cooled by convection on both surfaces. The transient temperature and thermal
stresses induced in that clad slab are analyzed by making use of Laplace transform and using the
Green’s function which is the solution for the plane heat source. In the present analysis, it is
assumed that the inertia terms in the equilibrium equations are omitted and the properties of the
material are independent of temperature. Numerical calculations of the temperature and ther-
mal stress distributions are carried out for the case of the stainless-carbon-steel clad material.
The influence of the absorption coefficient, the Biot number and the clad material thickness on
the results are considered.

1. Temperature analysis

Consider an infinite clad slad subjected to internal heat generation due to y-ray radiation and
cooled by convection. It is assumed that the strength of y-ray radiation is constant over the
surface of the plate. Therefore, the present analysis is dealt with as two-dimensional problem.
Fig. 1 show the geometry and coordinate system for this problem. The base material and the
clad material of the clad slab are represented by subscript j=1 and 2 respectively. In the present
analysis, the following dimensionless parameters and notations are used.
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§&=z/h, §=b/h, n=a/h, y=wh, z=1t/h’
B1:H1h/K19 Bzszh/Kz, Kzle/KZ, K=K,/K,
T*=hQ,/K:

where the definitions of symbols are shown in Nomenclature.
Consider the internal heat generation Q;(&, 7) due to y-ray heating, which is represented by

Qi(§, 7)=Qof;(§)H(7) (1)
where H(7z) is the Heaviside step function and f(£) is the distribution of internal heat generation.

Supposing that the clad slab is at initial uniform temperature T;=0O and is cooled by
convection on it’s surface, the initial and the boundary conditions are given as

T,=0 (=12 at z=0 (2)
aaTglz—BlT1 on é&=1 (3)
aa?:Bsz on =0 (4)
T,=T, at €=¢& (5)
KaaTCl:aaTCz at ¢=¢ (6)

We first consider the temperature field T} due to the plane heat source on ¢=# as shown in
fig. 1 with the same initial and boundary conditions as (2)-(6). In this case, Q(&, 7) represents the
heat source per unit time per unit area, and f;(£) can be expressed as

() =d(&—n)/h (7)

where §(§—#) is the Dirac’s delta function. Then, the Fourier’s heat conduction equation is

o’TY 9T} .
o¢ = 0%~ a0y T*6(§— ) H(z) (8)

where



TN

i— (L £=s7=1
1= 19 0<y<e&

and d; is Kronecker delta (6;;=1 for i=j, &; =0 for i+j). Proceeding in a manner analogous to
previous paper™, the solution of (8) (Green’s function), which satisfy the conditions (2)-(6), can be
obtained as follows :

© (l_e-—xrﬁr)

Ti=2% g (52) (mFL(6) (9)
where
L [ KVe(xa)cos((7 — &)xn) + 2 Vi (xa)sin((7 — &)xa), E>7
Chln)= {(Bl/xn)sin((ﬂ—1)xn)—c03((77—1)xn), E<n 10
G'2(7)=K {(B1/xq)sin((# —1)xn)—cos((# —1)xa)} (11)
G (m)=K {costurxs) +-2-sin(xnxa)} (12)
G ()= {(K/x)Vsz(xn)sin((ﬂ—E)kxn)—V%(xn)COS((ﬂ—$)kxn), &<y 13)
2=\ cosenxa) + Ba/(exn)sin(enxs), €>7
Fi (&)= {(Bl/xn)sin((é'—l)xn)—COS((é‘—l)xn), €<n (14)
T LRV (%0)c0s((E — &)%n) + 2 Vo (Xa)sin((E — &)Xn), E> 7
F, (&) = cos(xExa)+ fxz sin(x€x.,) (15)
le(C)ZE—:sin((C—l)xn)—cos«C—l)xn) (16)
Fe, ()= {COS(kan)+Bz/(xxn)sin(ké'xn), E<n# a7
2T UK/ 1) Ve (xa)sin((€ — &) xxn) — Vo (Xa)cos(E— &)xxn), €> 7
Ve (xn)=cos(x&xn)+ ,2: sin(x&Xn)
V3 () = - D2-cos(eE X,) — Sin(eEXn)
! (18)

V¢, (xa) =Kcos((& —1)xn)— KXB

sin((& —1)xn)

V2 ca) = Ksin((£ — xa) + 2t cos((£ ~ Dxa)

and x, are the positive roots of g(x,)=0

KB,B,

xX

g(x)= {(KB,+Bg)cos(x&x)+( — xx)sin(»&x)}
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xcos((§ 1)+ (Kx— 2222 )cos(eg) +(KB2 B,
x sin(x&x)} sin((£—1)x) (19)
g'(x)= dﬁ;}()

Thus we have gotten the Green’s function T'; satisfying eq. (8). Therefore, the temperature
solution T; due to the arbitray internal heat generation (1) with the conditions (2)—(6) can be
obtained by integrating as

3 .
o= [Tt dn+ [T dn G=1,2) (20)

Especially, in case of y-ray radiation, the heat generation distribution f;(#) is represented as
f,(&)=R(n, y)e ¢ (21)

Assuming that the whole heat generation per unit time is equal to the plane heat generation per
unit time, R(y;, y.) must be given by,

Ry, v)=nr./ [n(l—e ") +yple 7 —e )] (22)

Substituting eqgs. (21) and (9) into eq. (20), we can get the solution of the temperature T; due to y
-ray heating as

j 1,2y € < i i i—=
T+ =2R( vy )E;m&n) ;1 {FL5OWL(&)) (=1, 2) (23)
W(§)= [ [Ghnemdy

. G=1,2) (24)
W4(8)= [ [G(memdy

2. Stress analysis

In the clad slab, the thermal stresses are caused not only by the temperature distribution but also
by interactive restraining in construction between clad and base materials. Denoting the inter-
acting force and bending moment per unit length N, and M; respectively as fig. 2, the thermal
stressen caused in the clad slab are given as"®

1_V1 _ Nx 12Ml ( _1+g n
EaT & Tt a—gpé 2z )t
2 1+&m T,
+ o155 - e (25)
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1-v, Ny, 12M,,, & o
EaT % + £ (E—5)+1%
+%(§—-§_)Im2_;l‘[:27’ 'R l)’—F\:Cly| v
R S A A A S
0sesg)  (26) R T A N T
. . X
where ib 1-;-0—(—‘12-)- —————— | —
. Plane-
1 T, h ati=n| . Heat-
11_,_1_£f§_dT* ¢ ____L.__.F__J__I____ eat-Source
16T
T
6 T H
m — =1 z
=g ) T
1+& Fig. 1. Geometry and coordinate system

(C—““‘Z‘—)dg

3
=g [7 e—5ac

Considering the clad slab free from external force, the equation of equilibrium is
b , ;

The continuous conditions on the splicing surface, in the x-direction strain and in the z-direction
displacement, are shown as

‘(1—V1) Nx 6M1 n __Tm
- 'E1 {1_—‘;_.4-—(1_5)2}—{—&/1(11 I 1)
_ (1—V2) Nx 6M2 n m
== (——‘g + 2 )+ ap (I, +172) (29)
2a1 1m 12(1—w,) 20 1m , 12(1—Wy) 30
gt a—gpE, M= ¢ "+ 5, M, o Q0

Ny, M;, M; in egs. (25) and (26) are easily determined by egs. (28)—(30).

[e]
X
qu._Mz( R j=2 )MZ—bNx
M

Ny—= ! j:l )Ml——Nx

1

J

g

Fig. 2. Interacting force and bending moment
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3. Numerical calculations

Numerical calculations are carried out for the case of the stainless-carbon-steel clad material.
The material constants are shown in table 1. We assumed that the absorption coefficients of ¥
-ray energy are in the relation of uyy=g,=u or yy=y%=1y.

Figs. 3 and 4 show the temperature and stress distributions through slab thickness for various
values of dimensionless time 7, with y=10, B, =0, B,=10 and £=0.2. When z<0.5 the maxi-
mum tensile stress occurs on the splicing surface in the base material (§=£&%°). However, when
7>0.5 the tensile stress show the maximum value at the surface of the clad material (£ =0) and
the maximum compressive stress occurs on the splicing surface in the clad material (6=&°).

Figs. 5 and 6 show the effects of the clad surface convective cooling on the temperature and
stress distributions in the case of B;=0, y=10, z=0.1 and £=0.2. When at least B,<10 the
maximum tensile stress occurs on the splicing surface in the base material (§=£&%°), but when
B,=c0 the tensile stress show the maximum value at the surface of the clad material (£=0).
While, the maximum compressive stress always occurs in the clad material (0 £<£&). Fig. 7
shows the stress variations at the clad surface (£ =0) for various values of B, with B, =0, y=10,
£=0.2. It can be seen that the steady states are reached rapidly with the increase of B,. For
example, when B, =00 the steady state is reached at z>3.

Figs. 8 and 9 show the temperature and stress distributions for various values of dimension-
less y-ray absorption coefficient y, with B,=0, B,=10, z=0.1 and £=0.2. When y= 5 the
maximum tensile stress occurs on the splicing surface in the base material (6=£&*°). However,
when y<1 the maximum tensile stress occurs at the clad surface (¢6=0) and the maximum
compressive stress occurs on the splicing surface in the clad material (§=£&7°). Fig.10 shows the
stress variations at the clad surface (£ =0) for various values of y with B, =0, B,=10 and £=0.2.
It can be seen that when 7 <10 the steady states are reached approximatefy independently of the
value of y.

Finally, figs. 11-14 show the effects of the clad thickness on the temperature and stress
distributions for two cases of z=0.1 and oo, with B, =0, B,=10, y=10. For r=0.1 (fig. 12), when
£=0.1 the maximum tensile stress occurs inside of the base material (£=0.5), but when £=0.2 the
maximum tensile stress occurs on the splicing surface in the base material (¢ =£&*°). While, for
r=oco (fig. 14), when £<0.05 the maximum tensile stress occurs on the splicing surface in the base
material (= £&*°), but when £=0.1 the maximum tensile stress occurs at the clad surface (£=0).
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Table 1. Material constants of clad slab

clad material base material
(G=2) (i=1)
stainless-steel carbon-steel
o 17.9x10°¢ /°C 12.2x10°% /°C
E1 193 GPa 207 GPa
K..| 16.3 W/(mK) 53.4 W/(mK)
Ki 4.4x107% m?/s 14.7x10 ¢ m?/s
V. 0.3 0.3
al

LA
os- A
- /
~ /
~N II
— /
o4lf /S T—- .
'/ Tl
’
/ '\\‘\
oz, 08
T=0.05
-\\ T=0.1
00 02 05 10

Fig. 3. Temperature distributions for various
values of dimensionless time z for the case
v=10, B,=0, B,=10 and £=0.2.
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Fig: 4. Thermal stress distributions for various
values of dimensionless time 7z for the case
of y=10, B,=0, B,=10 and £=02.
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Fig. 6. Thermal stress distributions showing
effect of the Biot number B, for the case of

0.2

0.5 10

y=10, B,=0, z=0.1 and &=0.2.

_78 _

0.4

T/T*

0.3
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0.1
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Fig. 5. Temperature distributions showing
effect of the Biot number B, for the case of
y=10, B,=0, =01 and &£=0.2.
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Fig. 7. Thermal stress variations at the clad
surface for various values of the Biot num-
ber B, with y=10, B,=0 and £=0.2.
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0 0.2

Fig. 8. Temperature distributions showing
effect of the dimensionless absorption co-
efficient y for the case of B,=0, B,=10,
=01 and &£=0.2.
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Fig. 10. Thermal stress variations at the clad
surface for various values of the dimension-
less absorption coefficient y with B, =0,
B,=10 and &£=0.2.
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Fig. 9. Thermal stress distributions showing
effect of the dimensionless absorption co-
efficient y for the case of B, =0, B,=10,
7=0.1 and £=0.2.
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Fig. 11. Temperature distributions showing
effect of the clad thickness & for the case of
7=0.1 with B, =0, B,=10 and y=10.
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Fig. 12. Thermal stress distributions showing
effect of the clad thickness & for the case of
r=0.1 with B, =0, B,=10 and y=10.
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Fig. 14. Thermal stress distributions showing
effect of the clad thickness & for the case of
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Fig. 13. Temperature distributions showing
effect of the clad thickness & for the case of
r=o00 with B,=0, B,=10 and y=10.
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Nomenclature

=temperature

=thermal stress
=slab thickness
=clad thickness

(x, z) =cartesian coordinates (fig. 1)

a

j

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

(9)
(10)

=location of plane heat source (fig. 1)

=time

=absorption coefficient for y-ray energy
=coefficient of thermal expansion

=Young’s modulus

=thermal conductivity

=thermal diffusivity

=Poisson’s ratio

=coefficient of heat transfer at both surfaces
=heat source density per unit time per unit volume
=dimensionless depth (z/h)

=dimensionless clad thickness (b/h)
=dimensionless location of plane heat source (a/h)
=dimensionless time (Fourier number)

=Biot number at both surfaces

=dimensionless absorption coefficient of y-ray (g;h)
=ratio of thermal diffusivity (»?=1,/x;)

=ratio of thermal conductivity (K=K, /K;)
=1(base material), 2(clad material)
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TRANSIENT THERMAL STRESSES IN AN INFINITE CLAD SLAB
SUBJECTED TO y—-RAY HEATING

Takahito GOSHIMA

Transient temperature and thermal stresses distributions arising in an infinite clad slab
subjected to internal heat generation decaying exponentially along the thickness due to y-ray
radiation are analyzed with the thermal condition of cooling by convention on both surfaces.
Numerical calculations of the transient temperature and thermal stress distributions are carried
out for the case of the stainless-carbon-steel clad material. The influence of the absorption
coefficient, the Biot number and the clad thickness on the results are cosideredz
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Fig. 1 Schematic diagram of test cell : (a) Cu lead,
acrylic resin plate, (c) epoxy resin coating,
negative electrode (brass rod), (e) Pt lead,
silicone stopper, (8) tetra!fluoro carbon tube,
positive electrode (circular Pt plate), (i) mag-
netic stirrer.

(b)
(@)
(f)
(h)
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2.1 REETEOKBVFE~REITHE
BHD FE-IERFD RIG%E AT IR,

FER, (VRO RGNz 2RADEIR G =

Cathede reaction :Br- 2 Br,+2e, E,=
Br,+Br- 2 Br,;~

172242 2 Zn, E,=—
1 Zn?*+3Br 2 Zn+Br;”

Anode reaction

Cell reaction

Side reaction
Zn+Br;- — Zn**+Br-

—EABERTE 3Adm™ TREELRE. 1

ETEE R RS (Fig. 2), B, AEHEL

:Br; +2e- — 3Br- (Charged stage)

FEICEVAEL 72,

R EBEREFEME (ABT AR658) <L DEHEL,

o

BR ® R

D, KEHREET S5,

+1.087V (vs. NHE)

0.763V (vs. NHE)
, Emf. 1. 850V

(Discharged stage)

~20Ahdm~® r Zft & ¥, KREEIENBRDFICK
LICHKBEBEXEN SAhdm™ 2 #iz 2 LIET LIED 5,
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Fig. 3 Current efficiencies for production of bro-

Fig. 2 C t efficiencies f ducti fb mine, CEc*, or zinc, CHc™, and zinc produced
1g. 2 urrenée 1ciencies o_r production ‘ot ‘bro- per Wh, EWh, as a function of ratio of the
mine, CEc*, or zinc, CEc™, and zinc produced

- . surface area of both electrodes, S_/S,, at con-
szlr):g;y?glg{ng_(yv h)™, as a function of charge stant charge capacity of 0.5 Ahdm= and 3.0

. .. Adm™2,
@ : nefative electrode, O : positive electrode @ : negative electrode, O : positive electrode
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Fig. 4 Effect of sodium sulfamate on negative or
positive current efficiencies.
O: 1.0M, A :2.0M, [J: 4.0M NH,SO;Na

A 0.65
£
O 060
~
=
W oss5f .
T 1 1 I\ 1 T
0 10 3.0 6.0 12.0
Current density A/dm™2
Fig. 5 Effect of sodium sulfamate concentratibn on

amount of zinc produced per Wh, EWh, as a
function of current density.
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Fig. 6 Appearance of zinc negative electrode char-

ged with 8.0Adm=2 (5.0Ahdm™2 of quantity of . . .
electricity) in 1M ZuBr, electrolyte, a) - no Fig. 7 Effect of starch concentration on negative,

additives, b) : 1% starch-sat. HyBO,. ¢) : 4% CEc, or positive current effi-ciencies, CEc*,
starch-sa"c H.BO ) and mean charged voltage as a function of
C T current density.

O: 01, A: 1.0, O: 40wt% starch con-
centration

R T o IE, BEEDHKHE N 1.0~6.0Adm? T, AV 7 7 3 VBF ) 7 AGIIEIZES 1mol
XL T 2mol 28RV Z £330 %, ZNLUETHUT TORRIZEA LTz, [E, ABZHE L b R
DB/EEIFIZFALT, AVT7 7S VBF )Y ARMIERIEOR LICHRIIR S kv, 7>
K74 s RERIIERMOBED SEREICHI 528 TE T (Fig. 5),

2.3.2 FrrroiEmicsszERTEREBONE
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aERERD 7 (Fig. 7), I, AEAIE HI27 > 7V RINBESBVIE L BERIFIR L2, &
BERBERROT >V F 54 VERZEIHEOET IR S v, £/, HENAERMSR 23
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Fig. 8 Effect of starch concentration on amount of
zinc produced per Wh, EWh, and mean cell
voltage as a function of current density.

O: 01, A: 1.0, J: 4.0wt% starch con-
centration
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Fig. 10 Tafel plots of oxygen over-potential for
various cathode materials in 2M sodium sul-
famate.
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Fig. 9 Current efficiencies for production of bro-
mine, CEc*, or zinc, CEc~, as a function of
charge capacity/Ahdm=3.
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Diaphragmless Zinc-Bromine Secondary
Cell with Horizontal Electrodes
-Effect of Sulfamic Acid and starch on the Cell Performance-

Seichi Rengakuji, Norimasa Ogawa, Yuuko Nakamura,
Masami Inoue and Keiichi Nishibe

Department of Material Science, Faculty of Engineering, Toyama University

To develop low cost energy storage battery, diaphragmless zinc-gromine secondary cell
which had horizontal electrodes in zinc negative-over-Pt positive position was investigated.
The performance characteristics of the cell were exam-ined by changing the charge capacity
or current density of the negative in the electrolyte containing sulfamic acid or starch. By
addition of sulfamic acid or starch to electrolyte, zinc dendritic growth was depressed to some
or great extent respectively. Several anode material such as Pt, graphaite, IrO, or Pt coated
on Ti plate was examined on charge-discharge process. Pt on Ti plate was found to be suitable
to anode material due to high over-potential of oxygen.
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Nomenclature

Cr : Feed Concentration (gr/100ml)
C(t) : Concentration at any time (gr/100ml)
F : Initial Feed Volume (ml)
f(t) : Distribution Density Function of Elution Time (1/sec)
I(t) : Fraction of Impurity Content (—)
n . Integer .
Q : Flow Rate (ml/min)
Rs : Degree of Separation (—)
S . Square root of Variance Ratio (—)
te . Mean of Elution Time (sec)
Tw : Reference Peak Time Width (sec)
4t . Elution Time Difference (sec)
V . Concentration Detector Output (volt)
Y(t) : Recovery Factor (—)
Z . Column Length (cm)

% . Concentration Fraction of i-component (—)



BILRFTFHICESE43%E 1992

7(t) . Separation Efficiency (—)

& E XK
1) Karger, B.L., Snyder, L.R., Horvath, C.: “An Introduction to Separation Science” John

Wiley & Sons N.Y. (1973)
2) JNEE W SNAATCI=T VBT AREy o~ b BEE” LFETF 53,473(1989)
3) King, C.J.: “Separation Processes” MacGraw-Hill Chem. Eng. Series N.Y.(1971)
4) IHE WE: VAoV b T 74— BT AERAOEREHRE SBE” B ILKE TENE
B BLmw32(1990)

L ORLD—IE TR R TREL L,

He A, WARE Y7o~ b EEREO Ry L =2 — F U BIFRMEFETFER 5652 D14
B (1991, March)

— 100 —



Heh e luA 7 o= 75 7 3B BT 2 BHRRZED S

Distribution of Elution Time Differences in
Chromatographic Separation

Hisaya Tanaka and Tatsumi Yamamoto

From the distribution of elution time differences 4t among components to be separated, the
degree of separation of chromatography is defined. Denoting 6,24 6,2 by o, it is the mean
value (4tg/o) of density function f( 4t/o) with standard variance of unit.

For a fixed initial feed composition, separation efficiency » and recovery factor Y at any elution

time are correlated by (4tg/c) and (o /0;). Experimental verification of these results are
shown.
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