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Optimization of Turning Operations

Kazumasa OHASHI

Two objectives, namely, the minimization of the production cost per piece and the max-
imization of the production rate are considered in this paper, and nonlinear programming
techniques called Kuhn-Tucker conditions are used to solve this problem, which is restrict-
ed by three inequality constraints. An optimum selection between two objectives should
be done from the managerial standpoint according to the manufacturing objective.

Using this proposed computational algorithm, the microcomputer control is developed

to show the practical applicability.
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A Study on the Intermittent Method in Screw Cutting
(2nd Report)
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Trial Manufacture of a Tensile Testing Device in High Temperature

Koji KOBATAKE and Hideo SEKIGUCHI
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Study on Machinability of Machinable Glass Ceramic

Yoshio TANAKA and Tadahiro WADA

In turning of low heat conduction type machinable glass ceramic with cutting fluid, the
suitable tool material and the cutting condition are investigated and the effects of the tool
material and the cutting condition on both the surface roughness and the tool life are ob-
served. The main results obtained are as follows:

(1) The high heat conduction type tool material such as the carbide cutting tool (i.e. K

carbide cutting tool) is suitable.

(2) The ceramic or cermet cutting tool has shorter tool life than the carbide cutting tool.

(3) The built-up edge of the cutting tool can not be found, therefore, the surface rough-
ness is under the little influence of cutting speed. The surface roughness depends on
the feed rate and the geometry of cutting tool (i.e. nose radius).
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Study on Chip-excluding in turning
~—— The Oscillatory Feed Cutting —

Tadahiro WADA

In the present paper, the effects of the cutting edge oscillation on the mean chip weight
(chip excludability), the surface roughness and the tool life in turning are experimentally
investigated. The cutting edge was oscillated in the feed direction. The main results ob-

tained are as follows:

(1) In steel finishing, the conventional chip breakers of throw away types are not effec-
tive for the chip-excluding. In this case, the oscillatory feed cutting is desirable.

(2) The mean chip weight, the surface roughness and the tool life depend on both the
ratio of the amplitude of tool oscillation to feed and the ratio of the oscillation num-

ber of tool to rotary speed of work.
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Circuit Modes of a PWM 3-Phase Inverter Driven
by Unbalanced Gate Signals
(Capacitive Load)

Shigeji IMURA

Circuit modes of a PWM 3-phase inverter are shown, when driven by unbalanced gate
signals and with capacitive load. The concept included here is to clarify the relation be-
tween the initial conditions and the circuit modes.

In the steady state there are twenty seven modes concerning to both the time constant
of the load and the duration of gate signals.

Some experimental results are given with the analytical wave forms.
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A S-Type Negative-Resistance Circuit
Using a Combination of Two Photo-Coupled FETs

Haruo TAKAHASHI and Masayoshi YAMAUCHI

ABSTRUCT
A two-terminal negative-resistance circuit can be constructed with the combination of
two photo-coupled FETs which displays the S-type negative-resistance characteristic, and
the breakover voltage can be widely changed (80V—30V) with the light input (the current

of LED is 1 mA—10 mA).

The circuit construction and the negative-resistance characteristic are shown and the ap-
plication to the optically controlled relaxation oscillator also presented.
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Reaction Mechanism of Nitrosolysis of Ketones
Using Sodium Nitroprusside

Akira ISHIGAKI

The reaction mechanism of some aromatic ketones with sodium nitroprusside (NP) has
been theoretically investigated by HMO method. The most probable mechanism is as fol-
lows. Initially, a-hydroxyiminoketones are formed from the ketones with NP as the ligand
of prusso complex ions. When the fronteer electron density of LUMO on the carbonyl
carbon atom is too high, solvolytic cleavage of the ligands occurs by the attack of nucleo-
philic reagents (RO™, HO™) onto the carbonyl group. The solvolysis is promoted, when the
m-overlap between carbonyl and oxim carbon atoms of the ligands has decreased by the
steric strain due to conformation of the ligands or the prusso complex formation. Many
experimental facts support the reaction mechanism.
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Heterogeneous Photocatalytic Decarboxylation of Adipic Acid
Production of Butane via the Photo-Kolbe Reaction

Ikuichiro IZUMI, Fu-Ren F. FAN* and Allen J. BARD*

The heterogeneous photocatalytic decomposition of adipic acid in deaerated aqueous
solutions containing a suspension of platinized TiQ, (anatase) powder leads to the forma-
tion of CO, and butane with lesser amounts of valeric acid and negligibly small quantities
of oligomeric materials. A mechanism for this photo-Kolbe reaction, which yields differ-
ent product than the electrochemical Kolbe reaction, is proposed.

1. Introduction

The photoelectrosynthetic and photocatalytic reactions occuring on semiconductor powders have
been the subject of a number of studies!=% The heterogeneous photocatalytic decarboxylation of
saturated monocarboxylic acids by irradiation of platinized TiO, powder (Pt/TiO,) suspended in the
solution has been shown to generate uncoupled hydrocarbon products rather than the alcohols or
coupled products produced in the electrolytic Kolbe reaction!®) The electrolysis of dicarboxylic
acids in aqueous media has been reported to yield olefins and alcohols, containing two carbons less
than the starting material>) The photooxidation of dicarboxylic acids on Pt/TiO, could undergo
several different reaction pathways and yield different products from those in electrochemical Kolbe
reactions on metal electrodes. Moreover the nature of the products formed could provide insight into
the path of the photo-Kolbe reaction. We report here the heterogeneous photocatalytic decom-
position of adipic acid, a six-carbon saturated aliphatic dicarboxylic acid, on Pt/TiQ, to yield n-
butane, valeric acid and CO, (Eq. 1).

HO,C(CH;),CO,H - CH;(CH,);CO, H + CO, - C,H,, + CO, 1)
This predominant decarboxylation reaction to yield an uncoupled alkane thus follows previous
studies from this laboratory in which unactivated monocarboxylic acids at ambient temperature are

decomposed efficiently to the corresponding alkanes in a reaction pathway different from the elec-
trochemical one.

2. Experimental

A typical experiment was performed as follows. In a Pyrex cell connected to a gas volumetric
system, 25 ml of a mixture of 0.365g (0.10 M) adipic acid (Baker grade, Baker Chemical Co.),
12.5ml 0.2 M sodium hydroxide, distilled water and 100 mg of partially platinized n-type TiO,
powder (anatase)® was irradiated with a 2.5 kw xenon lamp (operated at 1.6 kw) while stirring at
40°C. Before irradiation the mixture was deaerated with nitrogen. After the irradiation for 40 h, the
gaseous products, which were collected in a gas volumetric system, were analyzed by GC-mass spec-
trometry. The mass spectrum for the separated gas components showed signals corresponding to
carbon dioxide, m/e = 44; n-butane, m/e (rel. intensity) = 43 (100), 41 (31.8), 42 (15.1), 58 (14.0),
39 (11.7); and hydrogen, respectively., The identity of n-butane was confirmed by comparison with a
standard sample [43 (100), 41 (27.2), 42 (12.8), 58 (16.8), 39 (9.6)]. No additional gaseous reaction

*  Department of Chemistry, The University of Texas at Austin
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products such as cyclobutane or butene were obtained. The yield of carbon dioxide was determined
quantitatively by trapping as BaCO, in a separate experiment’! After irradiation the colorless
reaction mixture, which had an unpleasant odor, was adjusted to pH 10 with 0.2 M NaOH and
extracted with ether. No neutral products nor organic bases were obtained from the ether layer. The
aqueous layer was acidified to pH 1-2 with 1 M HC1 and then extracted with a large amount of
benzene. The aqueous layer was further extracted with ether to yield unreacted adipic acid (m. p.
148—150°C compared to 149—151°C for a standard sample)’? The benzene layer was dried over
Na, SO, and evaporated under reduced pressure at 40°C to give valeric acid as a liquid product. The
infrared spectrum of the product was identical to the spectrum of a standard sample of valeric acid,
with strong absorption at wave numbers (cm—1) of 530-560, 950, 1120, 1235, 1295, 1430, 1735
and 3000. Several control experiments in the absence of Pt/TiO, and without irradiation™3 under
similar conditions as described above resulted in only minute amounts of carbon dioxide correspond-
ing to~ 6 umol/h (determined as BaCO;).

3. Results and Discussion

The amount of CO, evolved as a function of time of irradiation of the adipic acid solutions in
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Fig.1 CO, yield as a function of the time of

illumination of 37.5 ml 0.067 M deoxygenerat-
ed adipate solutions with 100 mg of suspended
10% platinized anatase powder irradiated with
a 2.5kW xe lamp (operated at 1.6 kW) at

~A0°C.

Fig.2 Current-potential curves at Pt and n-type

TiO, single crystal electrodes in 0.5 M NaClO,

solutions containing 0.10M adipic acid half-

neutralized with NaOH. A 450 W xe lamp fit-

ted with a water filter was the light source.

Scan rate, 100 mV/sec.

1. Pt. Initial potential, 0.20 V vs. SCE.

2. n-TiO, in the dark. Initial potential, -0.31V
vs. SCE.

3. n-TiO, in the light. Initial potential, -0.31V
vs. SCE.

Curves 2 and 3 use the left-handed current scale

and curve 1 uses the right-handed scale.



57

dimers (I)
| S
—(CH:),—/ —e l__L‘l -H z CH: —e,—CO:
CH. CH;, ———> CH .CH, ———>0 nbutane (IT)
0=¢ ¢=0 -CO0 0=C _ .
) 6 :/ o€ __2H: . nbutane(IV
| —
CH:  *CH (VID .CH; -CH - [] o
(VI alcohols (T 8 =0 \\ (mm) L oligomers (VI)
O=(|: — Aefi
CH: CHz “0 CHz —CO: olefins (X)
\. /
//C—-O (%)
0

Fig.3 General scheme of adipic acid decarboxylation.

contact with Pt/TiO, is shown in Fig. 1. At the end of irradiation an analysis of the solution showed

" that the ratio of adipic acid reacted : CO, evolved : valeric acid : butane was 1.0 : 1.75 : 0.25 : 0.76.
These results are in agreement with a basic mechanism in which the adipic acid decarboxylates to
form valeric acid, which then decarboxylates further to produce butane, as formulated in Eq. (1). As
shown in Fig. 1, the rate of production of CO, was constant at 50 umol/h, suggesting that the de-
carboxylation rate is limited by the rate of charge carrier generation on Pt/TiO,.

The photocatalytic activity of suspended platinized TiO, powder can be correlated with the
behavior of TiO, and platinum electrodes in photoelectrochemical measurements, as was previously
done for the photo-Kolbe reaction with acetic acid!®) Thus, the photoinduced oxidation of adipic
acid (presumably as the adipate ion) on an illuminated n-type TiO, rutile single-crystal electrode
takes place at slightly more negative potentials than the reduction of protons on platinum (Fig. 2).
Therefore the photooxidation of adipate ions on n-type TiO, and the reducticn of protons on
platinum can easily take place simultaneously at the two electrodes under short circuit conditions,
i.e., without applied potential. Moreover the photooxidation of n-valeric acid, the intermediate in
the photooxidation of adipic acid to n-butane, on TiO, and the reduction of protons on platinum can
also be rationalized by similar current-potential curves. Thus, as in previous studies!?) the Pt/TiO,
powders act as a multitude of small, short-circuited electrode systems. Irradiation of the particle with
light of energy greater than that of the band gap results in the creation of holes in the valence band
(VB) and electrons in the conduction band (CB). These charge carriers can further be trapped at the
interfacial active sites (tr) before they transfer to an oxidizable or reducible species.

(TiO;) +hv > ecp + hyp g +hy (2)
Electrons can further move to platinum sites where proton reduction can take place easily. Holes
trapped at the interfacial active sites lead to the oxidation of adipic acid or valeric acid.

*1 The reaction gas mixtures were swept out of the reaction chamber with a stream of nitrogen and
were bubbled through a saturated solution of Ba (OH), in 0.2 M NaOH. The precipitated BaCO;
was filtered off, washed well with distilled water, dried at 120°C and then weighed.

*2 The ether layer obtained here was dried over anhydrous sodium sulfate and evaporated carefully
under reduced pressure at room temperature to give a white crystal, adipic acid.

*3 The control experiment in the dark was carried out with bubbling N, for one day. No CO, was
precipitated as BaCO;.
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H' +eq — (H)ads 3)
HO, C (CH,),CO0™+ hi, > [HO,C (CH;)3CH, ] o4 + CO: “)
[HO, C (CH;)3CH; "] 445 + (H")ags > HO, C (CH; )3 CH; %)

The breakdown of valeric acid then follows a similar route, leading to butane. Because valeric acid
photodecarboxylation is so extensive in the presence of a higher concentration of adipic acid in solu-
tion, valeric acid is probably adsorbed on the powder surface resulting in its further reaction before
much of it can escape into the bulk solution.

The products found for the adipic acid oxidation are useful in providing information about the
path of the photo-Kolbe reaction, since several possible routes are possible, as shown in the scheme
(Fig.3).

The Kolbe electrolysis of dicarboxylic acids has been reported to occur via carbonium ions (VII)
and to produce alcohols (VIII), lactones (IX), and olefins (X)$)8) Homogeneous photochemical re-
actions of dicarboxylic acids either in FeCl; solution” or with uranyl salt as a sensitizer’) usually
produce monocarboxylic acids. The results reported here showed that n-butane (II) was the pre-
dominant product during the photocatalytic decarboxylation of the adipic acid on Pt/TiO, with
no cyclobutane (V) or oligomers (VI) obtained. This suggests that the diradical (III) was not formed.
Whether any dimers (I) were formed is still not clear and bears further investigation. However their
yield is very low, consistent with previous findings that radical intermediates react with H- or are re-
duced before extensive dimerization occurs. This probably can be attributed to the rather low sur-
face density of adsorbed alkyl radicals at the prevailing light flux and catalyst surface area. The
density of active sites on the catalyst powders may also be quite small. The lifetime of these adsorb-
ed radicals is also sufficiently small that further oxidation to the carbonium ion by another photo-
generated hole does not occur. This accounts for the difference between the products of the electro-
chemical Kolbe reaction (olefins and alcohols)) or oligomers (e. g. the Brown-Walker reaction)®) and
those of the photo-Kolbe reaction. To our knowledge, decarboxylation of dicarboxylic acids to form
the corresponding n-alkanes with such a high yield (at least 75% of the adipic acid reacted converted
to n-butane) has not yet been demonstrated.
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Relationship Between Structure Properties of Alcohols
and Their Electrochemical Behavior

Ikuichiro IZUMI

. ABSTRACT

The electrochemical behavior of alcohols with different numbers of C atoms and differ-
ent structure was studied at a platinum anode in an alkaline solution. The behavior was
mainly dependent on the number of H atoms bonded to the C atom with the OH group.
A preceding dehydrogenation in the anodic oxidation of alcohols was followed by chemical
and/or electrochemical oxidation of the reaction intermediates. The dehydrogenation pro-
ceeded via adsorption or through a chemical reaction with platinum surface oxides. Be-
sides alcohols, some aldehydes and carboxylic acids were directed to the present work.
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Table 2 Tafel slopes for anodic oxidation of alcohols.

Electrical double Surface oxide layer region

Alcohols layer region higher potential lower potential

1M 0.8M 0.6M 1M 0.8M 0.6M 1M 0.8M 0.6M
methanol 0.09 0.09 0.09 0.27 0.38 0.39 0.23 0.33 0.30
ethanol 0.15 0.10 0.18 0.51 0.45 0.33 0.26 0.31 0.35
propanol-1 0.10 —_— 0.18 0.28 0.23 0.35 0.40 0.33 0.37
propanol-2 0.14 — 0.16 — e e 0.23 e 0.19

0.5M 0.4M 0.3M 0.5M 0.4M 0.3M 0.5M 0.4M 0.3M
butanol-1 — — —_— 0.17 0.22 — 0.26 0.25 —
butanol-2 — — 0.17 0.29 0.10 0.17 0.21 0.22 0.19
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Table 3 Reaction order with respect to alcohol

in the region of surface oxide.

Alcohols lower. highel‘.

potential potential
methanol 0.65(0,58V) 0.83(1.1V)
ethano] 0.84(0.59V) 0.74(1.0V)
propanol-1 7 (0.65V) 0.69(1.0V)
propanol-2 7 (0.45V) 0.76(1.0V)
butanol-1 ? (0.60V) 0.73(1.0V)
butanol-2 0.0 (0.65V) 0.70(0.95V)
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A Study on Liquid Membrane Reactor

Tadashi UMEHARA

A separation process using liquid surfactant membrane is a new unit operation. This
process might be applied to a gas-liquid reactor. Then, a measurement of a liquid mem-
brane thickness was carried out experimentally in a vessel with a nozzle.

From the results, a liquid film thickness changes with a gas velocity through a nozzle,
a nozzle diameter, a viscosity, a surface tention and an interfacial tention. And these re-

sults could be expressed by eqns. (3) to (5).
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Fig.1 Schematic diagram of liquid membrane
reactor
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Table 1 Experimental conditons

Surfactant Noigen-EA126, Scorole-100
Solvent Tluene, Benzene

Nozzle diameter 0.14~2.5 (mm)
Surfactant solution depth 4.8~10.0 (cm)

Gas velocity 1 ~24 (cm/sec)
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Nomenclture

d . surfactant solution depth (cm)
Uc: gas velocity (em/sec)
Ax 1 ligquid membrane thickness (mm)
& . nozzle diameter (mm)
4. viscosity (g/cmesec)
01 interfacial tention (dyn/cm)
o2 . surface tention (dyn/cm)
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Dynamic Behavior in Continuous Mixed Suspension Crystallizers

Isao YAMAMOTO

Dynamics of the supersaturation is investigated by digital computor simulation.
The ralation between the supersaturation change and the nucleation deviation is dicus-

sed.

For the simulation, the merit of the

FORTRAN IV, is discussed.

INTRODUCTION

Crystallization, one of useful unit operations,
is used for the purpose of obtaining a high-puri-

ty solid or uniformly size-distributed crystals in

actual practice many industrial crystallizers.

For crystalline materials, it is desirable that
size distribution be as uniform as possible. It
is reported that inorganic substance, e.g. am-
monium sulphate, is produced in either saturat-
ers or vacuum crystallizers and that its size dis-
tribution is by no means uniform.

It is known that long term transients in prod-
uct size distribution from a continuous crys-
tallizer can occur in spite of steady state con-
ditions which can be enforced on the system.

The purpose of the present work is to de-
rive a general size distribution equation which
describes the transient behavior of particles in
the well-mixed crystallizer.

The equation is solved to illustrate the dy-
namic behavior of a continuous mixed sus-
pension crystallizer.

The fluctuation of crystal size distribution
may be attributed to nucleation deviation
which may be caused by suspension concentra-
tion changes.

The nucleation from supersaturated solution
may occur at random, and consequently the

concentration of the solution may change.

The concentration change may cause the
crystal growth rate deviation, which may re-
sult in the fluctuation of crystal size distribu-
tion.

The computor simulation on dynamic be-

language FORTRAN-MDL/1, compared with

havior in continuous mixed suspension crystal-
lizers is investigated.

MODELING

Mathematic model is derived under the as-

sumption as follows:

1) The crystallizer has a free gravity surface
and the volume is maintained constant.

2) The suspension is well mixed every-
where.

3) The size of crystal is so small that it can
be treated as having a continuous length.

4) The linear growth rate of crystal is inde-
pendent of its size length.

(a McCabe’s rule can be applied.)

5) The crystallizer is kept at constant
temperature.

6) The amount of removal crystal is direct-
ly proportional to the product removal
rate, and its size distribution is analo-
geous to size distribution of crystal in
the crystallizer.

7) The linear growth rate of crystal, attrib-
uted to the relative rate difference of
mixing, is to be ignored.

Nucleation
A possible kinetic nucleation equation for
an inorganic substance is presented as follows:

dN/dt=ky .Ry .s# )
where 72> 4.
Robinson and Roberts, Randolph and
Larson considered that a nucleation equation

was dependent only on the supersaturation,
but the equation they presented was not al-
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ways described the phenomena.

As nucleation is considered to occur at
random, in this work the function of random
birth is introduced to the system equation as
Rpy.

Crystal Size Distribution

Assuming that a crystal growth rate is dL
in the time interval d#, local population balance
is expressed within the size range L;toL;+d L
as follows:

if n;_;-n;=-dn,
then equation (2) is changed into equation (3)

dnjn = - dyT " (3)

Equation (3) is a general population balance
for an arbitrary suspension of particles subject
to the original assumptions.

The steady state solution which satisfies the
equation within range 0 to L, is

n=n°etT 4

where n° is an initial value of n.

When an equation of linear growth rate is
given as r=d L/d i,
then equation (4) is altered into equation (5)

n=neLirT )

In a continuous, mixed suspension, mixed
product removal crystallizer, the assumptions
are as follows:

1) Feed rate is constant.

2) Temperature is controlled to maintain

constant suspension.

3) Crystallizer volume is kept constant.

A general population balance is given as fol-
lows:

on/ot +d(nd LIdD)/OL=-Qn/V  (6)

when Q/V =1/T,dL/dt=r,
then equation (6) is converted into equation (7)

On/dt = -ron/oL - n/T (7

Supersaturation
Considering the total number of particles in
the suspension, the material balance for crystal

solid and solute in the solution is expressed
mathematically as follows:

eds/dt=(c;= cg=s)[T- (9~ cg-5)*
(Ar + ¢k, BL3) ®)
where 4 = 3k, fnL > dL
B=dN°/dt.

CALCULATION

Numeric calculation is programmed by using
the language FORTRAN-MDL/1 which is devel-
oped by Prof. Mano (Aoyama Gakuin Universi-
ty, Tokyo).

The language FORTRAN-MDL/1 is aimed to
revise the defect of FORTRAN IV, which can
not precisely show the program list, and it has
the characteristic to show the structure of the
program evidently.

For the simulation, the program by FORT-
RAN 1V is generally so long that its structure
is not always evident,

For this work, FORTRAN-MDL/1 is more
effective than FORTRAN 1V, because the pro-
gram is much complicated with many loops.

The example of program is shown in the
appendix.

RESULTS

From the results of calculation, the super-
saturation has a cycling change in spite of
steady state operation. (See Fig. 1)

The supersaturation disturbance, consequent-
ly, causes significant fluctuation in product size
distribution.

1.006
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1.002
1.000

0.998
0.996
0.994
0.992

Relative Supersaturation

1000 2000 3000 4000 5000 6000
Relative Time

Fig. | The supersaturation deviation



Randolph reported that only the original
step disturbance caused the transient of long-
term duration owing to the relative long length
of time required to grow a product-size crystal.

Logically all sources of crystal nuclei except
deliberate seeding and crystal attrition should
be some function of the supersaturation in so-
lution.

The deviation of the supersaturation causes
the disturbance of nuclei birth rate, and the lat-
ter causes the fluctuation of crystal size distri-
bution.

It seems that the supersaturation, the nuclei
birth, and the crystal growth interact closely
with each other.
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NOTATION
A = 3k,[nL*dL
B =dN°/dt
¢; = Concentration Input Solution
cs = Saturated Concentration
e = Bace of Natural Logarithm
i = Functional Factor to Power of Super-
saturation

kN = Constant Relating Nucleation Rate to
Power of Supersaturation

kv = Crystal Area Shape Factor

L = Crystal Length

L; = Crystal Length of an arbitrary Crystal

Lo = Nuclei Length

N°® = Total Number of Nuclei

n = Total Crystal Population Density

n~ = Total Crystal Population Density Under
Steady State
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3
1]

i Suspension Input Population Density
Flow Rate

= Randomness Factor

Crystal Growth Rate

Supersaturation

Drowdown Time

Time

Total Suspension Volume

Space Factor

Crystal Density
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APPENDIX
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On Property of Z§T

Seinosuke KITAGAWA

We show that C*-algeba associated with a irrational rotation is simple and has a unique

trace.
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Pyrolytic Gas Chromatography of a-Acyloinoximes
Koji ISHIKAWA and Tadashi SAKAI

It was found that in such an inert gas as helium or nitrogen, a-benzoinoxime, a-furo-
benzoinoxime, and a-furoinoxime have decomposition points at 180°C, 175°C, and 160°C
respectively, and within the region indicated by the programmed temperature gas chro-
matograms from 60°C to 200°C of pyrolytic products at 300°C, each oxime is cleaved to
two species of main-products, a nitrile and an aldehyde, and traces of by-products.

Two kinds of main-products might possibly be obtained as the result of nitrile-decom-
position of a-oximes.

For, when PEG 6,000 is used as a column packing, the pyrolytic gas chromatograms of
three kinds of oximes mentioned above have the discernible peaks separated well among
themselves on the stable base lines and the retention volume of their peaks was identified
with those of the known reference materials.

Moreover, two species of pyrolytic main-products were specified qualitatively to be

nitrile and aldehyde.
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On the Stress Concentration in a Strip with
Two Circular Holes Subjected to Tension
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Flow Characteristics of a New Double-Perforated Plate Column

MEBB-RTECE-ANE—--FBHEX
fLET¥mE, £6%, F25, P.123~128 (1980)

COFRLINE (BREIY 7 brg) @, X
DEFAWEL /N7 b LA Ol FDBESE - T
3, THbL, PLAR—HORELIRKE JBEILIK
Mo, ABMRE LR AL OFTBRNICE - TR
BTEBLOINHBECLE TS, (FiglRUFig2g
o 2O, R0 F R FEHBHICD I » TEREB/DE
K—EBT, BRELLBENGHTH L. X5, FHK
KEBRBEOHMEMRLER X - TRBEOEMHERD
BNPEETE S, ARETR, COHMEBAREOR
fE, RETOEB LI AHROIKRE, FH, BLOKE
MR, HRE—~V Ty PEECDOTERIICKRET L
120

AERDOREER 7 2 FHRICE > TRD & S ikl 12,
187 = FOEAR T, RIS mERE bbbl Tk
D, BRI 2FEERICENT S (BEER). 72K
FESEMLT, »3REL I3 EaBRIZITEL i
¥, FREARFRCERELECIIE—EEERT (B#
EB)e KSR T RAKEDPKELIL B L, DA BRI
FEKBEL, Ay D ERT BEAEHILT B (R
Exc o

FER, Bt > TERETNRO LI icBE xS,
B E BT, RROB—F I E RO FETRET
Etz, FEEKTI], FESEMG LAIERERSEHD
BoTVWBZ EERLIL, T2 HEARTIR, —HO%
ARZEHIMBER - TEEB LB AEE RLT
ZEMTET,

B EORERBRRITBINCESOVTRETE, B
LTOBOBELFADEH T ALY DR TEDbENS
A4 7 —BIBRATCRSTEHOLBEER LIc7 v
— F¥, BLERUSEOEERELOBKE LTHA
It

HAR—WFT 9 7ERIETHHROERIZIIEALY

EHohT, HROBRKICHTZHERAL, oS
B LTOBATEBCLEHOMhiIC LT,

Head tank
City water b———
>-1oo‘—-
(=3
3 S
n TN
AR
! @ To
O
Valve X
=] Manometer

Blower Liquid out

Fig. 1 Schematic diagram of apparatus

Fig. 2 Arrangement of holes of double
perforated plastes



108 RRXPB>

T E Lo I ZDILEKITHINT
— TEERER 2D ->T—

On Sympathy
— A Study of Adam Smith’s Theory of Moral Sentiments —
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