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Gas Plasma Etching of Si and SiO, Films

Satoshi Koyama, Yoshinori Kajiwara, Junji Nanjo, Shigeru Nomura
and Shin-ichi Hara

Abstract

The dependence of etching depth on the positions and on the quantity of materials to be etched, for
plasma ething, has been investigated. When N identical wafers of silicon are etched simultaneously, the
etching depth is subject to the following experimental formula D =9600N°7°(A), where D is etching depth
and N is the number of identical wafers. It has been shown that for uniform etching of all wafers, spaces
between wafers need over 2.5 cm.

Plasma etching characteristics of anodically oxidized silicon and thermally grown silicon dioxide are
studied compared with the conventional chemical etching. Etching rate of anodically oxidized silicon in
plasma etching is smaller than that of the thermally grown silicon dioxide, but in chemical etching, this
relation becomes reverse. It has been suggested that the presence of the water molecules and OH radicals in
the anodic oxide films prevents the role of fluorine radicals (F*) in plasma.
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Fig.10,11 Etching characteristic for each position on water by etching three Si wafers
in each zone of holder, Space between wafers = 2.5 cm
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Table. 1 Etch rate
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;{/’/ ®
- 8
Plasma Etching | Buffer Etching oL , 3/‘/,:
Anodic SiO £ o
nodic 5% | g5 Rmin | 8.8 Rssec e WL
( Owt*ls) © 2 Q/’
o) 10 o 4"
Wet S0, 18.9 Xmin | 7.3 Rrsec £t / anodic Sic» (+)
S —— anodic Si0z {»
. W -—-wet  Si02(0)
Dry 0, Si0; 24.5 A/min 6.8 Rsec - ——dry  Si02(x)
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Fig. 12 Etched depth vs. Etching time
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Investigation of Hydrogen Production with
an Electrochemical Photocell (1)

Masayuki Saito, Noriaki Kurita, Junji Nanjo, Shigeru Nomura
and Shin-ichi Hara

Abstract

The behavior of TiO, electrodes in photocell has been studied for improving Hydrogen production
efficiency. The resistivity of the electrodes has been varied between 2.07 to 145 ohm-cm. It has been observed
that the saturated current density-depends on the resistivity, and that there exists an optimum resistivity
about several tens of ohm-cm. The electrode with the resistivity of 32.8 ohm-cm showed the greatest
photocurrent density (800 » A/cm?). From the measurement of Hall effect, the Debye length of this electrode
was estimated to be an order of 10~°cm.

In n-TiO,/1IN NaOH//IN H.SO./Pt system, the rising voltage (V,,) at anode shifted in the negative
direction, while the Hydrogen production voltage (V,) at cathode shifted in the positive direction and this
system showed the greatest band bending (b,) and increase of Hydrogen production.

In p-Si cathode system, Hydrogen production efficiency was not better compared with that of Pt cathode
system.

The electrodes of n-TiO,films, which were prepared by thermal oxidation, anodic oxidation, and
chemical vapor deposition (CVD) method, have also been investigated. The characteristics of the electrodes
formed by thermal oxidation and CVD method showed the similarity to those of the single crystal TiO,
electrodes.
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BTRTWI ERHLPICL, FRIDORGIIKERENFHEME ) BLBMATRID, ¥k
BREMBLEIHIN S RIETH B S HES Nz, TR ITATED, EEBEDBILFHMNRIC L 2
KEREICOWTERKO PH 2235281280, RAZUETEDL I L2 WEL 2K
W& Tl AR n-TIO, DI 2 2L 3472848, BRI EHED A b V12 p-Si & w254,
FRB—ERAEALCE— L TR A, ZHOBRIACVL2 B2 EHLSHAD
FERIZODWTIN L PKRRENDRRICIT TR AR L ENS,

F KA OB S L3RBT, KEEEOTTEETH 5 L BREEAOIEY ¥ 20T
Brh-oTw3 1975 F, A% - IBEY »37 o N—F—FHn2a@g b b v Tio, ¥
Wa Tl LERLZITT v, ZORICHEBRERELSHEZ L 2Rl Twa, ReidnTiOBEZ 2
Eefbik, MtEg{bik, Chemical Vapor Deposition 3k =0 By » 72 s K D ERL, 135
NZREDS B O T OB L HE L &2 B L e bfl~NznTInsbahb¥ T2
ZIHET 5,

. £ B& H &

-1 HESEEY

Bk gl n-TiO, (3B 99.99%, (001) MTHEE#H 1 mm, EEH2 cm®* DL nE W, &
BW3A—RT T AH 200 TT7 v ETHBTNAIF03uTR) v 7L, EHELA, H
IR TiO, Bk I3 IRP A 101 Q-cm A —F— BV iR 2 T2 HB TEZ
(107*~107° Torr ) T, & 700°C ~900°C, ALEREF % 30 70~ SWERT & L CEVLEE 24T 7% W,
2.07~145Q-cm DD 2B T 2 EHEE B2, A—3Iv 7387 VIEFEE T v
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2) e LAk
BRTIICHBE R OERRYOREICETE, VBT 22 1 REWZ2EHLTHE
HHEEE L2, AREAHE 20mA/cm*OEERBE TIRELE® 250 V& L TT > 72, L
72BIEE ZEH 700°C 60 4 ~90 5BV £ 4T - T2,
3 ) Chemical Vapor Deposition i ( CVD %) ®
KRORBIC & ) TIOBEIAERT S,

Ti(OCsH,)+ 2 H,0-TiO, + 4 C;H,OH
Ti E#iddky P 7V — P T300CIMBAL, FIDEBRHTHLT 74V 7vENT L
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kil pH4.7KCl ##E#5m = L, pHO.3 1 N H;SO,, pH13.8 1N NaOH #2854 2
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On the Histrical Changes of Bridges and the Tendency of Their Progress (4)
The Histical Changes on the Aesthetics, the Mechanics and the Disasters
of Bridges and Some Problems on the Progress of Bridges

Sakutaro Nakamura

Abstract

The Present writer made the general investigations on the histrical changes of the aesthetics, the
mechanics and the disasters of bridges, and he discussed and stated in full on some problems in the develop-
ment of bridges.
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Basic Research on an Application of Geometric
Programming to Sequential Unconstrained Minimization
Technique

Hiroyuki Sugimoto

Abstract

Geometric programming provides a powerful tool for solving algebraic nonlinear programming subject to
linear and nonlinear constraints, but it is rather difficult to apply the methiod to a general optimizing problem.
In this paper, a penalty term in the transformed objective function in process of the calculation by SUMT is
approximated with a single-term posynomial and makes it possible to apply geometric programming to a
general minimization problem. This paper also explains the three numerical examples and the approaches to
the optimum points are shown in the figures.

1. Introduction

Geometric programming was discovered first by Zener early in the 1960’s and after that
developed by Zener, Duffin and Peterson. This method provides a powerful tool for solving
algebraic nonlinear programming problems subject to linear and nonlinear constraints, and in
recent years the application of this method is studied in mainly Chemical and Civil
Engineering fields.

Geometric programming displays its ability especially, when the objective function and
the constraints are all posynomials and the number of degrees of difficulty is small. Once
some of the coefficients in the polynomials are negative or, even if all the coefficients are
positive, the number of degrees of difficulty are relatively great, it will be difficult to apply
efficiently geometric programming to such problems. Then, to overcome this difficulty, A.
B. Templeman proposed to approximate a general fuction with a single-term posynomial®,
and C. Beightler and D. T. Phillips explained in their book the technique of reducing a
plynomial to a posynomial by condensation®. The former paper dealt with the problem of
minimum weight design of truss structures. But, in the case of minimum weight design of
truss bridges, the number of terms in the objective fuction is equal to that of the design
variables. So, even if each constraint is approximated with a single-term posynomial, the
number of degrees of difficulty may be still equal to that of constraints—1 and it is seemed
to be hard to use the method to such problems. Until now, the problems were solved
principally by Sequential Linear Programming (SLP) or Sequential Unconstrained Mini-
mization Technique (SUMT). But some disadvantages of each technique were pointed out.
The former technique requires much memory capacity of a computer, while the latter
technique, although the possibility of converging into a global optimum point is improved,
requires long computing time in optimizing a transformed objective fuction. Then this
paper deals with the application of geometric programming into the optimization of the
transformed objective function. In the method proposed here, the penalty term in the
transformed objective function is approximated with a single-term posynomial, and by

(47)
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applying geometric programming to this function it is possible to get the approximate opti-
mum value by only one iteration, so far as the point is in the feasible region.

In this paper the constraints are to be general polynomials and the objective function to
be a posynomial, in which the number of terms is equal to that of the design variables.

2. Posynomial Approximation of Transformed Objective Function
A general optimization problem is defined as follows,

minimize
n n
— aik

f=ze L7, (1)
in which

ci>0;1=1"--- n,

x>0 k=1 n, (2)
subject to

giz0; j=1eer m,
In equation (1) x, (k=...n) are design variables and e;, (i=1..n, k=1...n) are arbitrary real
numbers.
The primary constrained minimization problem defined above is transformed into a
sequence of unconstrained minimization problems. The function is as follows,

F:iE:ICi kl;[x;‘i’kwLle(gj)’”; ; I=1-L, (3)

in which, ¥, is a response factor and £ is an arbitrary positive real number.
If x,P(k=1...n) are feasible values of the variables, the second term in the equation (3) is
approximated with a single-term posynomial as follows,

7 2 (2)7= o [L 28, (4)
in which n "
Cn+1— 7/1{ g (1))‘5} ]‘:—I (xil))—anﬂk, ( 5 )
Un+1r=— —T&&—‘ Zm( )(1)(g(1)) (B+1) . s b=l n.

After all, the primary problem defined by equations (1), (2) is transformed into a problem
of optimizing a posynomial with zero degrees of difficulty as follows,

air (7)

:3

1

3. Minimization of An Unconstrained Posynomial
From equation (7) the minimization problem of an unconstrained posynomial is defined
as follows,

minimize i

',:j:

I
-

(48)
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in which .
c:i>0; i=1-- n+1,
x>0 ; k=1 n,
@i ; arbitrary real numbers =1+ no=1--- n+1

The number of degrees of difficulty of equation (7) is equal to zero, so applying geometric
programming to it, the design variables x are obtained easily as follows.
First, the normality and orthogonality conditions are

n+1
Zh=1 (8)
n+1

ainh;=0; =1 n, (9)

in which A; (i=1..n+1) are dual variables. Matrix expression of equations (8), (9) is as
follows,

1 1 ceeeeeen 1 1 A
ailr Qzpcccetttt Un1 On+11 Az
iz Qez ettt Qn2 Qn+i2 -
A : (10)
Qin Q2pt"ttctrt” Qnn Qn+in I Anta 0

The equation (10) is divided into next two equations.

A+ 2n:=1, (11)
AA + BAn+:1=0, (12)
in which

[:[1 J EXREETRTRRR AT 1] , (13>
B:[an+ll Qn+12°°"°"00 " an+1n]T , (14)
A :[/11 Agrerereres /ln]T , (15)

Q11 @yttt a1

A Q1a Qaz= roree (nsz
(16)

Qin Qans-erres Onn

The dual variable A,.; corresponding to the penalty term is obtained by substituting
equation (12) into equation (11),

. 1
/171+1“1_]A—1B (17>
By substituting equation (17) into equation (12) the dual variables are obtained as follows,
. __A'B
ASTICMAB (18)
Knowing the dual variables A, the design variables are
=105 f=T00n n, (19)
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in which
X=(4"1)TS, (20)
log A, —log ¢: +log z

— |
. log A, log. c: tlog z (21)

>

log A,.—log c,tlog z

o :ff(%)A (22)

In calculating equation (20) A~ was obtained previously in equation (17) and is constant
through the iteration.
The iteration of the method proposed here proceeds as follows :
1. Start with an initial XV and set m, n, ¢, e and B.
Compute A
Set 1=0.
Set 1=1+1, 7, and xV=x.
Compute Cnyy, ansix(k=1...n) by equations (5), (6).
Set B by equation (14).
Compute A by equations (17), (18).
If A;is negative, modify x*’ and repeat from step 5.
Compute x by equations (19), (21) and (22).
10. Repeat from step 4 until the design variables are thought to be converged.
In step 8, in what direction the initial design variables x*’ are to be modified may be a

WO 00~ O U s WD

difficult problem, but it is seemed to be a better way to do it in the direction of loosening the
constraints.
Special case having the objective function as follows is considered next,

f= )3 cixd, (23)
i=1
In this case A~! is simplified as follows,
1 0 eeeeeneer 0
1] 0 T 0
i L
A= . aE (24)
0 0 1

Substituting equation (24) into equations (17), (18) and (19), A and x are obtained as
follows,

An+1id =1

S L
n
a’—j;lanm (25>
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d
Apsy ==, (26)
d— 2} an+i;
i=1
L.z \4
iZ .
Xi:<7> ;2=10eene n. (27)

4. Numerical Examples
Three numerical examples are solved by the method above mentioned. In these
examples the constraints are identical and as follows,

&1=4.5x,—x3+6x,—13.5=0 (28)
g=x1+2x5—6x,+2=0 (29)
g=x:20 (30)
gi=x2—x,=0 (31)

In the feasible region formed by above constraints, as shown in under figures, two
optimum points are found and one of them is thought to be a local eptimum point.
In these examples 8 and 7y, are as follows,

8=1.0,
vi=y1/10 5 [=2-o ,
r=1.0,
and in 4—1 and 4-—2,
x.=0.

4—1 Example 1
The objective function is as follows,

f=xt+cxd (32)

Refering to equations (27), (28) and (29), the problems in the case of d=1,2 and ¢=0.1, 0.5,
0.8 were calculated respectively. The results are in Tables 1 —1~2—3 and the approaches to
the optimum point are shown in Figures 1—1~2—3. The dot-dash-lines in these figures are
corresponding with the objective functions.

(51)
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Table 1-1 d=1.0, ¢c=0.1 Table 2-1 d=2.0, ¢c=0.1
initial T Initial
value x1 X2 f value *1 *2 f
(4.0,4.0) 1.0160 2.7433 1.2903 (4.0,4.0) 1.1056 2.3476 1.7735
(5.0,0.5) 1.0149 2.7513 1.2900 (5.0,0.5) 1.0700 2.4667 1.7533
(2.0,3.0) 1.0208 2.7386 1.2947 (2.0,3.0) 1.0739 2.4364 1.7468
(3.0,1.0) 1.0183 2.7359 1.2919 (3.0,1,0) 1.0966 2.3628 1.7608
Table 1-2 d=1.0, c=0.5 Table 2-2 d=2.0, ¢c=0.5
initial initial
value * *2 f value *1 X2 f
(4.0,4.0) 1.1050 2.3593 2.2846 (4.0,4.0) 1.1039 2.3380 3.9518
(5.0,0.5) 1.1055 2.3605 2.2858 (5.0,0.5) 1.1106 2.3498 3.9944
(2.0,3.0) 1.0996 2.3488 2.2740 (2.0,3.0) 1.1149 2.3551 4.0162
(3.0,1.0) 1.9276 0.9593 2.4072 (3.0,1.0) 1.0986 2.3415 3.9483
Table 1-3 d=1.0, ¢=0.8 Table 2-3 d=2.0, ¢=0.8
md | w || R IR I
(4.0,4.0) 1.1056 2.3455 2.9820 (4.0,4.0) 1.1057 2.3405 5.6050
(5.0,0.5) 1.1208 2.3780 3.0232 (5.0,0.5) 2.0160 0.8818 4.6862
(2.0,3.0) 1.1126 2.3477 2.9908 (2.0,3.0) 1.0979 2.3377 5.5771
(3.0,1.0) 2.3730 0.5257 2.7936 (3.0,1.0) 1.9283 0.9584 4.4533
Xy X1
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X3 X1

3
Fig. 1-3 d=1.0, ¢=0.8

4—2 Example 2
The objective function is as follows,
f=x1/x:+cx? (33)

The problems in the case of c=0.1, 1.0 were calculated respectively. The approaches to
the optimum point are shown in Figure 3—1 and 3—2.
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\f=/l.016
0 1 2 é 4'1 S 6 0 1 2 3 4 S 6

Fig. 3—1 c¢=0.1 Fig. 3—2 c¢=1.0

4—3 Example 3
The objective function is as follows,
f=x1x2+0.1x3 . (34)

The function defined above, as shown in Figure 4—1, is not related to the value of the
design variable x, and approaches to zero, if the design variable x, do so. Applying the
method proposed here to such a function, it happens to be frequently that the values of A are
negative and that it is difficult to find the direction in which the design variables are to be
modified. So, in this paper, the objective function is approximated with a linear function as
follows successfully,

=)+ (2P +0.228)x;. (35)

The approaches to the optimum point in the case of x,=0.5, 1.0 and 1.5 respectively are

shown in Figures 4—1~4—3.

|
|
|
\.

|
)

(54)
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5. Conclusions And Comments

1. Approximating a pénalty term in the transformed objective function with a single-term
posynomial, it is possible to apply geometric programming to the general minimization
problems efficiently.

2 . If the initial values are selected properly, the convergence is good as shown in the figures
above. And it is noticeable that, in spite of being a global optimum point in a very narrow
region in the case of x,=1.0 in Example 3, the design variables approaches to the point very
smoothly, when the initial design variables are (5, 2) and (4, 2).

3 . Hereafter, by solving more concrete problems, it is intended to make a comparison of the
computing time and accuracy of the method proposed here, SLP and SUMT by direct
search method or DFP.

(Received May. 19, 1978)
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A Study on Flow Regulation in Upflow
Solids Contact Clarifiers by Perforated Baftles

Hitosht Hozumi

Abstract

The effects of the structure of perforated baffles on the dispersion coefficient of supernatant zone above
floc blanket were studied. The experiments were carried out by using a model unit of the floc blanket type
clarifiers and the dispersion coefficient was calculated from the measured concentration distribution of mother
floc particles in the supernatant zone.

The results are summerized as follows;

1. The volumetric efficiency of the unit is much increased by the settling of perforated baffles, independent
of its structure.

2 . The dispersion coefficient is independent of the thickness of the baffles at heigher values than 10 cm.
3. The dispersion coefficient is increased in proportion to the distance between the centers of openings in the
baffles, and to the 0.7th power of the ratio of total area of openings to the cross sectional area of the flow.

4 , When the ratio mentioned above is smaller than about 8 per cent and upward flow velocity is lower than
5 ¢cm/min at the same time, floc particles accumulate on the baffles and the dispersion coefficient increase
conversely.

5. It seems the ratio from 0.15 to 0.20 is suitable for upflow solids contact clarifiers.
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A Study on Settling Properties
of Metallic Hydroxide Slurries (I)

Hitoshi Hozumi and Yoshinobu Kouno

Abstract

The effects of Alkaline precipitants and PH on the settling properties of metallic hydroxide slurries and
the settling rate of the slurries at compression stage were studied. The experiments were carried out by using
FeCl; as metallic salts, NaOH and Ca(OH), (Powdery and Milky) as precipitants. The main results of batch
settling analyses are summerized as follows;

(1) A logarithmic plot of the height yet to be settled vs settling time gives a straight line at compression
stage, that is, the following equation holds

log(H—H..)=n log t+K
in which His the interface height at settling time t, H. is the final interface height at infinite time, nis the
slope of the logarithmic plot, and K is the function of the critical interface height and the critical time at the
point of compression.

2) The settling properties of the slurries can be evaluated by the constant n, K and He.
(3) The value of the constant n is about 0.8 for good settleable slurries.
(4) Most settleable slurries are obtained at PH about 7 independently of precipitants.

(5) Powdery Ca(OH), is more effective than milky Ca(OH), and dilute milks are effective than dense milks in
regard to the settling of the slurries.

1. & ¢ & (<

LILEEK, ERIBEKFIIZEINEEEBA A OBRKFICHL TE, T/ - BRI R
IECRAWLNLE Y, PN & > THEBRE N S BEKEIIES TSR Lo b BKE
DEN, LEd-T, BAKFIZEBEA A LA ZRBICEEINIHEICEIBEFTREI L L HLL
2 LG, EROBRKLE TEIMBAKNDKENRE L) L REFROME K E 2 ME L %
5, X, KRERKOSE T LBRMERS I ERGRE REFHBERL TL 2 I BB ENT
WO T, BIREATIE 2, FBIRAEIC BV TIZEZE S ES0OEMA I KL o FiaLs -
L THhRBRIBHEA AT L b B %, EEKESBABRICY A T ) —DEMEEERIC >W it s

*  RFRIFHRER (EARLFEHERK)



694 R % WHSE

TN D Z 0, A7) —DIEMHHEEEICEL T COERAL L CQERERZEH L 22
T b AL TV 345, = 45 o T Roberts? )3 B 575 JE—HE 1o 54 L C v & 1L C
W5, L LA s, Roberts i3 8, HHOFEKEZZ)) — L T LT L LHEALE
VRS E SN TEB Y > Roberts X% 13 UoOBEENEMELEHER 7 L2 T ) —2x L
TEORES CHlA LS R L TALLENH D,

A, EHEAREBKBILIR T ) — & L OKBIEE 82 7 ) — % Alv T Z OIERI
MRS OV TR L, X, SRIEIORIER UKRMEIER &I 2 5 1) —DERLEERIC
ETHBICOWTRHLEZLDTH S,

&

2. 8 B F &

EB L FeCly ol & LT NaOH R or Ca(OH), # &L TAEBL 7227 ) —% v TAT
Totz, EBPIERKRNL ) THE, OLBEH 12045 L HicFed 44> & L THEE 1000
mg/l » FeCly IHICFrE R MF 2 &ML, @EES 250 7pm T 80 FNEH 2174 - T
KEBILE TS AT ) 2 EHT S, QWi =—NKR—2 2T 2K 2BHWTRT7 ) —
R OMENE S £ TR, 58B2ICEAT S, @RV TE=— N h— 2 %2 8
Sl L7248, M 12 BE0kESTE2T% 5, @ LB 2E8E L T 24 ket 2 7
J-REmERET 2, ©®FDH%, A7) —2BHCHBL TRICERL, 2o—HER0L
TERBRRYB LB EYERESBET S, OBV, 1~2/M27 ) —2HERES LT
0 EBARERIRL, HOSBEITE > CRBBEME_SLRET 5,

EHMACH T 2 ERFBRZRNL ) TH B, NaOHFEH A W2 EBRTRNHOPH % 4.0
~8.0 DETHEMICEL ez, —F, CaOH) 2 HW 2 EB TIEHRRDL D EHTHRDOL D
wEmL 2, K CalOH) 2 V72354 TId RO PH # 4 8~7 9 DT 5 Mo &1L &
&, Wik Ca(OH), % F W 22 A1 IZ BRI OB EE % 4.08~245 g/ [ DT 10 BrFE I &ML 2+,
FeCl; 2344 % Ca(OH), OFMEN—EE % 5 L) IC, FBEOFMEEMZ 72, Z0BE&0FH
» PH 31313—58 T, PH=7.2~75Th - 72,

WA EIEBEmORE LT 5 720 NE 10 cm, X 100 cm DT 7 1) VIR R
T, WEIZIE Ry — AT ENT B,

3. KREREE

B— 1 & [©—2 13, 24 2 fis & L NaOH & Us# 5k ik o> Ca(OH), % B> PH 224k
Swfz s BOEMMMRETL 2 b0 The, X, B—3 XM— 413, ZAZFNEHRRHEEN
7ok B2 RFHGENREENO AT —FHEAUVR—1, 27 5 R - SR BEERE 2 RL 2
LOTHD, ZOBBNDZT ) —DETFDEEL T L 1700~1800 mgll T, 13IZ—ETH

(72)



SRR T ) —ostc BT 505 (1) 695

1og | T l T T

H cem)

10—

° 100 200 300 400 S0 400 8 o0 i p 22 e »
(min}
- (O 1 & 0 PH 27
. HM—2 #xiI*kCal 2 42 &1L
X z % . it :
B—1 NaOHiz k) PH 2%t &% 72 & 3 kbl Bk 2o
30 T T T T
18 l T l T T l T l ! I l I
—O- NaOH
8- Ca(OH), powder | = - NaoH —

- Ca(0H); powder

g .
2 Y2
i} 14 — —
% =
- #
- - =
g 12 b
— e | ¥,
§ 10— ]
81— —
4' ) . 1 16 L |7 3 L » 4] L $|D ' 6[ | 7[ N |
0 . o 0 80
PH o
B—3 24Rr[EIVERE R E & & PH 0Btk Bl—4 Sk - PH 0BG

%, NaOH % H 72354 0 B i IZ BRI Cia PH o3k & & 4o B HICRATL, PH A6
DR b BUTHICHY, PHD 7T £ 8 TIRIZEA E—FL Twb, —7F, 24 BRIV FE
EIFPHoB AL ELICKRE (LY, PH 6 UL ETIEHUNE 4D, 3612 55E kM PH
nEREEQNAESLY), PH6»L 7T CHUAEC LY, PHS.O TIEETFHE (%
%, Ca(OH), % V> 723541213, thMehigia PH4 85 6 5.4 ([oh1F TABIC FHicfiTL, PH
54~7 4 DM TIEIPHOMAE &L THIZKD, PH7.9 CREUYLEHICHSL, 20 b 57—

(73)



696 T - WY E

I PHICF N H L 0AHTNaOH OFE LWL ThH %, 24 B LT EE R S E LS E
12w ERET, Ca(OH), iz NaOH # F{v 72354 1 0 4 0.5 RREK PH Iz 24 B0 R
EEOR/IMEE FREEREDR KBS RET HI1ICBE v, FREnFEE T, NaOH 2Bz
A0 PH4 1 Tl KA 2EHONBEEESYH»ER SN, KB TIIHELRE2ERL C
WFT 5%, IEMKTIIREBEGEZITZ > TLRBRETHRBREL 23 THD, X,
Ca(OH), 2 H\ 723547 PH 4 .8 Tla K/ 2 O KBRLIRL FH R S 11, £ TR0 KIEDKL
FORERBEDE L, TEMERER 150 5@ 5/AMBEOKLT 23511 # B L CARBROR T BRE L
ThT§25, Lz, PHS.0LIF AT ) — itz ERO#HRE T R WY,
MR T OFEEEETLE0H LB LB,

PENIREZBIET 2L RN E D TH B, £k Kh CldmAS@EIGC & - TkEtiy
E2e D), KEEEMIE R SICEALRIGIC L » TEBREER CliE2 DEEDIERME L A3 5 KkiEE
{LEAY FenOH)n™ & LTHEEL, TAA VM TRAHEL AT 2 kB E L CHEET
89 FDIFATRE & S SIS _SEE, 2o PH, BESCHES A Fic Lk - TEL 52,
BALRIEDOERABEEO KEBLES YA ER 3 N 5, Stumm F 3w L L < (3558
TEMOESWYERT LI L 2B NTw32, E£HEL PH 4585 b R0 ESYN
B G ERSALN, PHOBAL LIk VI KEOESYPERINIEREBTC5, &2
BOTBEREASYDOFHNEESIIPH 6 ~70MichH N, SELAPHULTRARENE
BHOHFEEED %L 45, K—3, 41T & 12, PH5.0 LIF Tl 24 BRI MR E & 0]
S FRUBEEEIRENZ &b, ZOFEBTIIEEHNEELRNERESYI ER I LT
23nEEZ LN PHOBKE & LICESLYIED E L O RE LR FHERE NS D, BE
DR EELICESYOFREIFEG L) ZOBEEIV/NEL Y 2HE, 24 BHLERE S Ik E
K ), FlUHEREI N R 25, 85I PHPEL 2 ) IE - ABAERTFOREIZL > TR
BHESYR T VERINIHEICIE, ZORENIV RSN LD TEKRED/NE VEELR
FHERIN, A7V —DUBEEEIR(L2LDEEZ LILE,

H—1~40&E»r b8 bph ki, H—nPHTHizHMA & L Tiz Ca(OH), A*
NaOH & ) 4 BT 3, Ca(OH): 3 BRI S {KICHEITICC W T, B8k E ORIGIE
NaOH ic lo LT —Rc BB 2 B2 I LTRIBE ¢ 2 BETHBL BV KEDRT 5
BondZ ermbnTws, X, CalOH), i3HEHFR A A > & Kt L TAhiEMED CaCl, 24 L,
INHDEBKEBLEAWICH L CHIERE2 29, &5, REB® L )iz Ca(OH), ##imH
ELTHEMYT 2 &, 2DO—FULERT RN KEMEEAMICI ) AT N THBERO L% 5,
Hf0#l & L ¢ Ca(OH), & NaOH # 7234 ND 27 ) — DD IR = 1 b o ERIC
2y EEZLND,

K—5(), (N, PH27.4~7 5 n0—FflE %5 & ) iciEr nigE " Ca(OH), BiBHE % Fre

(74)



SIEKBE R T ) —DREREICBIT 8% (1) 697

100 T T T T T 100 T I | T T
90 - %0 —_
so— = sop- —
70 }— — 70— —
60— — sof— —
Pl Tam 4 Ser . oy ]
- 9 g/1 8/1
T - 123 2;/1 T - 24.5 g/1
40— -&~ 196 g/1 — 40— o 6.13 g/t -
- 4,08 g/1
30— _. 30— -
20 |- 20
1o . 1o -
| | 1 | | | | | ! |
4 %0 100 150 20 20 300 o ) 100 140 200 %0 300
Limin) t (min)
B—5(a) Ca(OH), FInwiRE # &1L ®—5® Ca(OH), HFhMEE 221k
SRR =R AL A i) )
*—1
Ca(OH), nm B E (/1)
4.08 6.13 24.5 49 98 129 163 196
2415 B B 5
Al 12.9 11.6 12.0 13.1 | 12.25 | 13.55 | 13.05 13.1
¥ 12.2 13.0
R UL i 1.032 | 0.927 | 0.986 | 0.885 | 0.934 | 0.830 | 0.905 | 0.822
v(cm /min)
F 0.982 0.875
MBS R | 93 93 | 2314 | 2188 || 26.25 | 27.43 | 27.15 | 28.05 | 25.43
H:(cm)
¥ 22.98 26.86
o EIE L
FEREBIAERER | 107 5 | 16309 | 166.9 || 160.4 | 142.1 | 169.8 | 139.7 | 177.8
t(min)
FE 159.4 158.0

BHEALZEENZT ) =0k 2 RLZLDTHE, PHT7.4~75 L5520 0E %
Ca(OH), i ME 3 FeCl M 1 (404 2.04 ¢ T, HRA T ) —DEEHREEIZ 1700~ 1800
mg/ IRBETH %, vtz Ca(OH), MMMEBEIZ L » TRZ ), BINHBENIE k5D
NTIkBEBh A B ICRAT T 2D A H LS55, TSMTIEREE 24.5 g/ L LUTF o PhBEp & 35Im
TIBE 49 g/ (LI kR & 0 2FOMBRICH T oG, R— 1 RERMRBEL A%

(75)



698 st R ARLIE 560

B0 24 BERES L EHILEEEL R L 2D TH D, 24 BEFHILERES & iR I MEH
B3R5 & FBICRMPIBE D RN & - TR 2B T 5N B DT, a2 DFHEEK
OHTHET LR -1RERT L) THL, KBERNE TR, BETHRBEORGAZ ) —)F
EREINTEY, 24 RHNBERES & SRLERETZNZFNERERNIENZN D 0.8 5K
U 1.2 RRBETH 2 RBERMME, #1212 4.08 40 Ca(OH), T3 6 (% FeCls iAW 6 Li2im
ZH5ZEzn), @BEZRMTE2DICKEEZET 20T, BME2HR2CRMT 52546 L HED
MEEFLLLT, X, SEERMKETRLEBOM (K121 196 g1 Tlx 125 cc) 2 kB FeCl;
ERICBERIRICINZ 2 0 T, ##RIC & - T Ca(Ol) i — Rz 58T 2 F TOMEEO M, BIERK
ERTERE DRI RA e IS E NS, ZO#E, FMBBEOKNIL->TAZY) —
DEESHETLLDEEZ LN L, 727, ZOBEONBRENHERIR—1~40PHIz &
LAELHET AL LB L (&N,

Ca(OH), AR U RIR THER L2 & & ”3
D27 ) —ORBRER—PHFTET b
B EM—6imT & 5 T, CalOH)% Mk T
HFHT 252727 ) —0kEitizg s, on
L L E gk ORGEOMEIZE D
NTHHI, X, NaOH # il 72354 & Hig s0
T % &, NaOH o> etk d Ca(OH), £ 9 %
FFAZ V=D BEEFR R ERL T
54y, PHHEL 5O THMICIZHETE %
W, K—2cRT & 512, Ca(OH), #7235
BIZII PH A7 4225 7.9i27% % & ikbts 2o~

80

70

H cem)

$o

40 Ca(OH), milk 49 g/1 ™
Ca(oH), milk 24.5 g/1
NaOK PH 7.1

30 Ca(0H), powder PH 7.4

CaC03 i 7.35

T HoTHY, —Hkic CaOH), o % A5 ol D
NaOH & W Lo B w2 9 1) —atE 2, | ( s 1

n . k%%iébﬁ_— 2 t’Ca(OH)Z“CLi PH 4 o 100 150 200 280 4 (m:‘}:o)
TR CREDWEIES FT 25 ) —298 5 B—6 HFFIFIoMEEIC L 5 ILFERRO HE

NHLDEMBEINL, PRF L L TUIHE

o> Ca(OH), 2B T8, PH 6 ~ 7R CHBEENR V2T ) —»#F 5 1, PH 8 BETY
NaOH 4 L FEfREN R ) —h 5 b, NaOH 3E41212 PH 7 ~ 8 CTHERLBEE D
B2 —0Bonsdd, PH6RBREICLE 27 )—DhBEE»rBBEICELS LN T,
CaOH izl L Td W ELXPHa F o — 32 0EET 5, M—610i35# - T CaCOs %
Mtz & & DR % 0 TR L 72, RIF & L T CaCOs 2RV 5 &, Az L T 24
LR T EAVNE (, 20, SHABMBENOKRE L 2T -2 HBsn, RIcRT LI

(76)



H-He (cm)

SRR A T ) —OHhMEREECBT 2% (1) 699

DL D BV, CaCOs it oW TIER—61cm§ 1A L2EH L T 567, A0 PH
FILL BT —DRBEENIERICOWTRBAERN T TH S,

Kiz, A7) —DEMEEEEREIC DWW TRETY 5, BRI L TRLECHAWLNTY
% Roberts VIZKRAN & 5 TH 5,

dH
_7: KR(H_.HOO) ....................................................................... (1)
iz
H-Ho _ .1 L po] et e
o - = exp|— Kr(t—tc] @

ZIT, H He Ho ! ZNFIEBEDLKERHE, EHEAR CERREMBELEERNZ T ) —R
EE, ¢, to: FNFIEFE O MR R PRSI BT 2 iR, Kk Roberts g%, #—1)
B RES BRI NERES H—HelicHHT2 2 L TR NIZLDTH S, 22
T, R—ONC e - THtEhC H— He , Wizt 2 &> TX—1, 2, bNERERZANET T
JieTey b TAE, B—T7I08RT2L5 Thd, 2770, He DIEMLHEIAHTHLD
T, 22T 24 MR EEE Ho i MEE L THY 2, B—7 DR M7 a v M ikl
i 8 350~400 S LA X THEM T T & 2 53D FAET 5 4%, thik T 5 FEME VLR IX i & 48
XL Tz ERICMoEE b, L72d5- T, Roberts RIIEEAEREERA T ) —i2 L Tk
DL LERLE L, 2720, M—7 DR L A TRABBRESD WL L L LENAT ) —
IR L TR EBCR—DOBHLS R TH L EEL SN 5,

FMFEHEIC L > TIRREN T BEMILEREROH T, EHAYTA D Roberts RIZFHEAL
Tw3d s LT Rollason®iz & » TR LN H—B0H 5,

100

TTTI ' T T TTTTId

NaOH PH. 5.0
NaOH PH 7.1

LIl

NaCH PH 6.0

(R

Ca(0H), powder PH 6.0
Ca(0H), powder PH 7.4

NaOH PH 5.0 —

50 P2
Q €a(OH); powder BH 5.%

40 22 Ca(OH); powder PH7.4
20 |— Ca(OR), milk 24.5 g/1 - Ca(OH), milk 24.5 g/t
Ca(omyp milk 49 g/1 § Lo Ga(on)y milk 49 /1]

10 T

T TTTI

LA LI

S

|11 : I T O

S L
3

o 60 80 100 200 300 400 500 1000 15
1 | | [ | | | 1 (min)
0 100 200 300 400 500 600 700
L tmin)
H—7 H—He.&ttoR%E 72y b K—8 Hrtomsts 7w b

(77)



700 fEfE - WEHNE

[0g<—-FH[;>::A Zog(Bt) ...................................................................... (3)

ZITCAB I NBRETHEAT) BT AER, £ 2T, ROt~ THERIzH, B#hiC
th2&E-T, B—1, 2, 50R2mEk

rI7ETR Y b ThE, B8nkiTh  CREL L
Bo HELOWE 7T Y M3 kR 150 mfb" RS0
~400 FOBTHEME 4D, FALKTI S aom yovter 7 7.4
DEEH LA NEFEMOWR X 5B, L} ot itk i [
Fehio TR—@RA— QL B EMkRE | F
MOB MO E TRIELT 55, #H0B L [
B TIRBL L 7\, s
EEBLRRETRET OBEEHER T e
IR L TR~ LT B 2 & B RL Y T

H—H. t\" 2=

4 -He _<t6> .................. @ T, L) |
it I min)

log(H—Hx)=nlogt+K - @y H—9 @izt 3 H—Hakt OmHET D -
== Ton R B K= log [(He—He)/te"]. O T T T T T T
R—WiE, R—QrERLBEXEOBERT R _
Bz L, 2 — O TE LR B BT T RN
D N A L= 12 N S NN S ]
LT85 N 5 BEIRA BAI O BIE & - 728 BN SRS
B EELEICE L v e A EEL TR |- -?Iﬁ;f~~ i
LOTHE, A—WHREE L TEA-@0 [ R ]
HEWR T2 RE# H-Ho cEs#H £ U NN
AL THL, R-@fE-TH- T L NN
Hor tOBBATRE Y7 7270 b L o RN
BER—-QIZBIRT B &9 T, EHEEREE \L "
DRPEECER S RL N DD, ERIREE | : ]
DA TR —(3) &30 L 1= g ¢ I e ]
BB, ZilZ 24 BRI RER F Ho kLT R T T
REL2Z EICEET 2, R—@TRIE#L £ omin)
DN T EHICMMOBBE 2D, — BE—10 Ho2Z{bSenBoERIOmMSH 7o v b

(78)



SRABA A 7Y —ORBRFRC BT SR (1) 701

Ji, Ho=0 & L7z —Q)" IO MR &
BBHIErb, BEKBHAT) —DHE
1213 Ho % 18 3 7201213 24 BRI TR TR
Foo TR bIZREFE O LM 4 T 5 LED
hHHruwsns, BHEEEZATY —TIHE
T2 #pi B2 4000~5000 mg/ IFEE F T3 He &
L i3 24 By RUERE S E B TE, 2 512
8~T2Bs DL EE AT - T L FE L 2
~3mm LR TFLEI EEELEabYE
&, EfERIC BT A BB —
DBAKMEZREREEAT ) —IZL TH 5 L

NHWEEN B, M—1014, Ha & LT 24 K e oo me 1000 1500
BERE SIS E DR ERLCLDERY B—11 H-Ho:tOmxH7 e v b
TH-HE tOBR M E 7 7 7127

2y h LD 1FERLEZLDTH S, » ' T T T TT1TT

Ca(OH), powder

K755 H7% k912, H50.82RE S
GICH-Hoo t W57 2 o b IZEREIL
XML TERE D, ZOBERK
FEICLC IR UM oL % b, F
DO IR L BN E LD TIF 0.6
~0.7, KBEED R L 0TI 0.8 FRENRE
% 24 BERIEME R E S ICE L 2R Ho b LT
M3 &, B—10 L EkRIC H— Hok § X Dl
g7y MIEREL S, K11, 12, 13 - O L O—
BENER2ZPRMEIECRLZLDOTH 100 woow e s 100
b, ZOREIZ AT ) —OREHEEIZ L - )
E~12 H-H.:ltomEH 7 o |
THIKRELZ2L0T, FEHlc L » THax K> :
Dz EEE BRI L -T2~ 3 HMBRENHBENRSLETHL 5, FaRn@Bs Rl
KD HFERATLRN QI LA H-H bt OS2y MIERE I 5%, BE
DRERD &, EEKESGBAKBIH AT ) =1L TLRN— D EFA LB 0EE2 515,
K—14 £H—1513, #nFnl—11 ¢ X—-12 vH-Ho X tOWE 72 v F OBESEH 5K
Dl He it te E PH OBIEERLIZL0TH L, N, H—13n5Ko2 Hek teldE— 112
T L) ThDH, R—11~13 DEFOU A & Eckenfelder'® o0 i {8 70 pAfE 12 L B F 4 &

H ~He (cm)

(79)



702 R i
OFTT T T T T ITT7 '
30 —
20
128 g/1
98 g/l
i 4w g1
24.5 g/1
s 6.13 g/1
KB ot 4.08 g/1  —
L - :
I r— —
1
I —
sh—
L Ca(OH)y nilk
3
2
| : L LIl 1
80 100 200 300 400 500 1000 1500
I (min)
Bi—13 H-H.tt oW 72 o
350 T T T T :
o NaoH
300— —
& Ca(QH), powder
5 zop— -
&
= 200— —
‘E’ s
g o
' 50— —
¥
W
100 —
ol L | n L n I7 . zI3
4 5 o
E—15 PH »JE#BARARE t & D%
34 ! T i T T l ' T
]
321
o =)
dop- o o —
Ld
L]
28— ]
x / -t
26— —
- NaoH
24 o~ Ca(0H), powder —
Pry| L | . | . | | |
4 5 & 7

H—17 E#HK & PHoBIH%

o

4

T

ul}

T T T T T T T
rl o < NaOH
2 -& (Ca(oH), powder
30
B
-]
|3
€
£
£ - |
w
rotl L I . L L I . |
4 5 é 7 8
PH
F—14 PH » E#RHEE S He o E%
L2 T T T T T T r T
Qo
Lo o —
o
0.8 — —
& o6 4 -
04— -o- NaOH —
-+ Ca(0H), powder
02 —
o L L | s | . I L 1
4 5 I3 7 oH
M—16 E#n & PHoBE
T T T T T T 7 T 32
oo — 3.0
o X
] 1 =
¢ ° — 2.8 W
. 3
- .
1.0— h
I — 2.6
O
& o8 g
E Y] o 0
'M r 5 5] L
0.6
P R T SRS T AN HRN TN DU N N B
o 100 200
Caton) F AR (3/4)
E—18 n K *K & Ca(OH), HimmksE » %

(80)



SERAKEBHY AT —DRBREEICBE T 5K (1) 703

HHERS—BT A DT, TOEME R L BEIC L THeE (e KDz, Hok PH BRI 24 e
hERES r PHOBR, L7eh > THs & PHOBREIZIZFAETH B, X, lck PHOBR
FERGMEE s PH OB EMET 5, SBILEREIRKE W ERBRHIONE WL ZAT
FEFRILMESEIIC AS 0T, PHIC K 2WEHEOEMEM T & - T b, * X, K—16 £X—17
BANFNR-11 ¢ R-120 KO EFOHE n & 27 ) —D kRt £ b T Ha, He
Btk L K2R L2 b0 Th s, NaOH 2RV 12341213, nid PH4.1 Tl
TAEWEEZRTA, PH 6 LT Clan=0.7, PH 7~ 8 Tiz n=0.8 BEn—El 2 ~T., X,
Kiz PH 5 ~7 0BTzl & A &b, PHAINE Y LB &S W EZRT, —H,
ok Ca(OH), % FiV 723541213, 7z PHOR K & L2 ERFICMOlB TR N5,
PH 6 ~7.4 T3 o=0 8 BEN—FEME 7T, X, K1 PH7 4~8 TITTFL(xd 2 &
R, n s RBOEET 5, B—18 13#ko CalOl), z v izadnn & KRl 72d
NTH2Y, F— 1OKELEEZ 7 & KL TRMERENRNMN L - T2RHZ KA LE S, £
EBTIRIIT—EOEEWERENZF 1) —2OnT DAL PEREITL - Ty, HEE
B2 5 ) — 23T BRER, SHEL T, 27 ) —OBEEYIRE & RIS £ - T Kzt
T nBBL L DEEZLNDE, A7) —DWEER v KIZL-TRLTZEHNT
X, uhRECKINEWZ T —RBEORBEZR -, B L 2&RMEICBT 5271 —
DkEEDBEIZ N & KOKNERICENTE B,

0.5

T 57 ¢ | T T T T T
- \€$3;1\\;:-6 - - T T T T ] T T T T ‘ T T

— ] N
*9 F o4 —
-~ < NaoH &
Ej r & Ca(oH), powder - & r -
0.3 —
# 20— B
” 2 . 1
ot M oo Q|
& e o
o o g

] 100 200
CacoH): FZn XJE (%/2)

H—19 PH » &M% sk oBfR E—20 Ca(OH), RANMMEE & EMM S st nBIfR

% (E1)BYEERTY) —0) He, t. & WHBEFWRE Co K UWEIRES Ho & OBRIC D TEEHIIRD
BRE/{ T3,
Ho.=a(CoHo)*
te=r{(CoHo)®
ZIT, e By 8, T0BEGOPHIZ L HoBEAUEMIZE S0 AKBILESWA T ) —0BE& LT
B Thbrsh, LEOBEREEISEKESESEAT)—ICOVWTLRTTAILDEHEING,

(81)



704 TR M. RN

Bz, B EBEKFICEET AEEEESRIC oV TENS, K—19 & X203 &P AIE
FHORBEOBREE 5k PHOBRERLL0TH S, HEI&IITHINCIZTPH3S
DIETIBEACTHB L THEL I TTH L4, PH SLIT Tldd e ) O BERS DA
L, PH6LETL 0.2~6.5 ppm BEDEMRERE_SRDTAT 5, ZILUEREDOKEILES
Mron s FizlaineE2zons, X, NaOH # 723843 HARIC L ->TT s
DA CIEBER B UMY 5, LA T, 27 ) -0kt by b LERTEERE SO Ly
64 dEfsEn PH @ Ch b, *

4. »  H &

B E R TEEAB AT ) —0EEICRIZTHRRE & 20 PH O8I L NCE
HERBERERUC DV TRET 202, KICEHT 5 L) oERMB LN,
1) BEKEGRKELY 2 T ) —DEHEREX I L TR @i d 5,
2) 25N —DikkEER n, KBXUVHIC L » TEEBMICEE T 5,
3) R—GIDBE R DERZREMENARWZT ) —IZH L TIZ0.8BETH 2,
4 ) PF O, FORMFERVCRD PHICH T 2 Ho HcOBAL F— 2135 L v, —
B, FALIZHT B tc & EERBHEED PHIC L 22 b v — > 2ITdE Mm% 7,
5) ANz L 69 PH 7RRETRLILEEOR 25 =28 515,
6 ) Ca(OH), 13 KR THEMT 2 HFRTH 5, X, AR THEINT 2B5E5ICTIRRBENDTRMN
WA REITH B,
AT ) —DRBEERIZ BT Y 25 ) — RSO E D E ERFHEL 2 1 F Tl e mEE -
SNTELD, RIFRDZDERD DORMWFMEN 2O DB & L L ITEN DT TH B,
FOIZ, ALY - CERE CHE S - CER LAY EL (BIUBM) ARE—F
CEHOBERL T,
(BRAI534E 5 A20H % 3)

® (U 2 ) HEKERE TRIRRESR OB AIRER: 10ppm LT, PHIZ5.8~8.6 Th 505, ZOMp b I3 ERE
FIIFE L E b,



EEAKBEC AT ) — BT 287 (1) 705

X 73

1) Roberts, E, J. : Mining Engng. 1, 61 (1949)

2) FERE M KEW SR 5l4, 2 (1977) FERE ¥, WEFSE [, 520, 33 (1978)

3) R %, WMEHSE | ZARYSICEETMERRRCE, 33,195 (1977) [E, 34,163 (1978)

4 ) Matijevic, E. & Janauer, G, E. : J. Colloid & Interface Sci., 21, 197 (1966)

5) Stumm, W & Lee, G, F. : Schweiz. Z. Hydrol., 22, 295 (1960)

6) Stumm, W. & Morgan, J, J. : J. Am. Water Works Assoc., 54, 971 (1962)

7) FEAE M EEAE D DAREAIEES SR RACE, 32, 239 (1976)

8 ) Lengweiler, H., Buser, W. & Feitknecht, W. . Helv. Chim. Acto, 44, 796 (1961) (@62t )

9) Rollason, G, M. : Thesis, Massachusetts Institute of Technology, 1913 (Behn, V, C. : Proc. A, S, C, E. SA.
Div. 89,1 (1957) 12 & )

10) Eckenfelder, W, W, Jr. & Melinger, N. : Sew. & Ind. Waste, 29, 1114(1957)






RS JRERC B9 B EBRAUNTIE B 1
B - SRSRERER - HEEE - IEE
Experimental study for a Small Propeller Type of Windmill. 1st Report

K. Okuda, K. Orikasa, T.Matsuda and H. Yamagishi

Abstract

The interest of clean energy resources increases lately. The authors are carrying out the generating
experiment of electricity by a windmill with two small blade propellers as part of the items in “Research
Project for Clean Energy Resources”, by Muroran Institute of Technology.

Main results of the first report of this study are as follows:

a ) The windmill generator, rating 200 W, was tested preliminarily on a laboratory bench for the basic
performance of the machine —electric current, voltage and power vs. r.p.m. in the case of battery load.

b) The generating power of the windmill by the forces of natural wind on the roof of the Instittute in
autumn and winter, 1977, was expressed in the following formula:

P=0.59 V% (W)
where P (W) is electric power of the generator, and V (m/s) is wind velocity. Constant 0.59 contained mean
value of the power coefficient, the wind mill radius 0.9m, and density of air.

¢ ) Maximum power coefficient of the windmill by the forces of natural wind was 0.17, which was low as
about 43% of the announced results of two-blade-windmill in wind tunnel tests.

d ) Respondence of power generation of the windmill to the unsteady natural wind was examined and
found to be rather good in the periods of both prevalent wind and energy wind blowing.
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COMBUSTION CHARACTERISTICS OF
METHANOL FUELED CARBURETTOR ENGINES

Shigenobu Hayashi and Norihiro Sawa*

Abstract

Methanol, which contains oxides, is investigated as fuel for internal combustion engines. If methanol is
used as fuel in internal combustion engine, consequently, there is a large possibility to reduce the NO4
concentration without lowering the engine power.

However, the combustion characteristics of methanol in the cylinder remain almost unknown to be solved
in the future.

Therefore, the authors carried out researches on the influence of operating conditions on the engine
power, combustion and exhaust-gas characteristics, furthermore, on the rate of effective heat release and the
mass rate of burning, and so on.

1. Introduction

Methanol, which contains oxides, can be comparatively easily burnt in a from of lean
mixture, increase the compression ratio because of its high octane number and has a
comparatively low burning temperature because of the high latent heat of the fuel itself. If
methanol is used as fuel in internal combustion engines, consequently, there is a large possi-
bility to reduce the NO, concentration without lowering the engine power. Also as an
energy source replacing gasoline, moreover, it has attracted special interests recently and is
investigated from the standpoint of fuel for internal combustion engines¥~®_  However, the
combustion characteristics of methanol are almost unknown. Therefore, the authors carried
out researches on the following points :

Influence of operating conditions on the engine power and exhaust-gas characteristics
(CO, THC, NO, and RCHO concentrations) ; As characteristics representing the combustion,an
average value P .y, the standard deviation S and the coefficient of variation S/Pumasx, of the
maximum combustion pressure P max ; Correlation between P nq.x and its appearance period
8(P nax) ; Rate of effective heat release ; Mass rate of burning etc.

2. Experimental Apparatus and Methods
2.1 Experimental apparatus

For the experiment, the authors used a water-cooled, single-cylinder and overhead-valve
engine and an air-cooled, single-cylinder and side-valve engine but the former more
frequently. Specifications of these engines are as shown in Table 1. The experimental
apparatus is composed of a unit for measuring the breathing air (surge tank 4, round nozzle 1,
thermometer 3 and manometer 2), a fuel feed system (fuel tank, fuel flow meter 7, carburettor

* . Professor, Dr., Dept. of Mechanical Engineerings,
Faculty of Engrs. Ibaraki University, Narusawa-cho, Hitachi
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Table.l Specifications of test engine

Table.2 Operating conditlon of test engine (E-482)

r\\\\" Engine E-482 E-252 Engine speed 2000 rpm
Specification (OHV type) (8V type)
Ignition advance 23.5, 35, 48.5 (°ca)
S mei e | 985 %85 | 12 % 62 '
" Volumetric efficiency 26.5, 42,5, 63 (%)
Stroke volumic 482 252
Intake pipe wall temperature| 9, 44, 53 (°c)
Compression 8.4 6.4
ratio . Water content| y =methanol |0, 0.25, 0.5 (%)
Rated 6 Ps/2000 rpm|4.7 Ps/3600 rpm of fuel
horsepower (e =4,8) ¥g = gasoline [0, 0.5, 1.0 (%)
1 I 3 thermometer
2 nozzle 7 tuel system
l. -J
surge tank
9 8 fl<>3at chamber
lonplug
manometer
ot A 12 thermometer
5 | S } 7 —
carb sz E:—_‘ muffler ‘
o
atr
a
14 15 | amp exhaust
T sampling
10 " pjs"._____———— 18 22 system
. data recorder
dynamometer engine x-y recorder
17 start&reset
triger’ 19 20
—
multichannel
statistical analyser
Fig. 1 : Schematic diagram of experimental apparatus

float chamber and carburettor body 5), a suction pipe system (pipe wall heater 24 and pipe
wall thermometer 25), the tested engine 11, an exhaust pipe system (exhaust thermometer 12,
muffler 21 and exhaust gas extracting oriffice 22) and a dynamometer 10.

To investigate the combustion state, further, strain gauge type pressure indicators 13 are
used, in the case of the side-valve engine ion plugs 23 are connected to the cylinder head in
order to detect the flame velocity and start trigger pulse marker 16, reset pulse marker (to top
dead center marker) etc. to allow the use of statistical data processor 19.

The concentrations of carbon monoxide CO, nitrogen oxides NO,, total hydrocarbons
THC and aldehyde RHCO in the exhaust gas are determined with nondispersive infrared
analyzer, by the zinc-reduced naphthyle thylene diamine method®, with FID gas-
chromatograph and the Kitagawa's detector tube No.71 for formaldehyde, respectively. For
this purpose, the exhaust gas extracting pipe is heated with a ribbon heater so as to eliminate
possible influence of the water content.
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2. 2 Experimental methods

At first, each of the tested engines is stationarily operated for about ten minutes under
the conditions as shown in Table 2 while the engine speed N and the volumetric efficiency 7,
being fixed at 2000rpm and 42.5%, respectively. After the flow rate of fed fuel is regulated
by adjustment of vertical position of the float chamber, then, the power L., fuel flow rate G,
the exhaust gas temperature t,, the concentrations of CO, NO,, THC, RHCO etc. are meas-
ured for various values from 0.7 to 1.5, of the excess air ratio A. At the same time, the
cylinder combustion pressure, top dead center mark etc. are indicated on a data recorder,
these values are reproduced and fed to the statistical data processor, which draws variation
frequency curves of the combustion pressure at each crank angle, average pressure diagram
at 1000 cycle etc.

3. Experimental Results and Considerations
3.1 Characteristics of power and exhaust emission

The influences of the excess air ratio A and suction pipe wall temperature t, on the
engine power and exhaust emission under methanol operations as well as comparison of them
with those under gasoline operations (solid line, y,=0) are shown in Figs.2 and 3, the in-
fluence of the water content y under water-containing methanol operations in Fig.4 and that
of the ignition advance angle 8 shown in Fig.5. In each of these figure, only one example is
indicated. As can be seen from them.
1) Within a rich mixture range, A=0.6 to 1.0, the engine power L, and the thermal effi-
clency » under methanol operations are higher than those under gasoline operations, respec-
tively (IFigs.2 and 3) and increase, though slightly, further under water-containing methanol
operations (Fig.4). In addition, L. and » increase on the whole with the increasing ignition
advance 9 (IFig.5). In either case, lean mixture makes the heat release decrease and at the
same time the combustion conditions deteriorate so that L. and 5 are decreased.

However, the higher suction pipe wall temperature t,, the lower water content v and the
larger ignition advance 4 improve L, and 7, resulting also in the wider combustible range.

If methanol evaporation is promoted (for example, 100% of methanol evaporates for A=
1 and at t,=44°C) by heating the suction pipe, in particular, their improvement at the lean
mixture side is remarkable.
2} The carbon monoxide concentration CO depends mainly on the excess air ratio A and
within a lean mixture range, A > 1.1, it does not almost depend on whether the engine is
operated with gasoline or methanol as well as on the operating conditions such as the suction
pipe wall temperature t,, water content vy, ignition advance 8 etc. to be about 0.2 to 0.3%.

Within a rich mixture range, A <1.0, the CO concentration increases with decreasing A.
At the same value of A, the concentration increases with decreasing t,, (Fig.2), increasing y
(Fig.4) and decreasing 8 (Fig.b) and its value under methanol operations is, though slightly,
lower than that under gasoline operations (comparison of dotted line with @ marks in Figs.2
and 3). As can be guessed from calculation results of the chemical equilibrium formula, it
appears that the above-mentioned decrease in CO concentration is caused by the lowering of
combustion temperature (comparison of K,=4 with K,=1 in Fig.3) and the difference in fuel
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composition (comparison between M and G lines in Fig.2).

3) In all cases, the total hydrocarbon concentration THC have respective minimal near A=
1.1 to 1.2 and increase either at higher or at lower side than this range. Since in this case
methanol does not so actively evaporate in the suction pipe as gasoline, the THC concen-
tration under methanol operations is considerably higher than that under gasoline operations
unless the suction pipe is heated. If the pipe heated, on the contrary, the mixture becomes
more uniform and the quantity of fuel adhering to the cylinder wall decreases so that the
THC concentration decreases on the whole to be lower than its value under gasoline oper-
ations. Since, if the water content y is higher, evaporation of the fuel becomes worse, the
mixture becomes less uniform and in addition the combustion temperature drops, so that the
THC concentration increases (Fig.4). If the ignition timing is made to advance, the com-
bustion temperature rises but on the contrary the combustion period 6, is shorter and gas
temperature in the latter half of the expansion stroke or in the exhaust pipe after opening of
the exhaust valve falls, so that the oxidation reaction of unburned hydrocarbon proceeds more
slowly and consequently the variation in THC concentration is slighter (Fig.5).

4 ) The aldehyde concentration RCHO under meteanol operations is considerably higher
than that under gasoline operations (yv,=0 in Fig.3). This is perhaps caused by a fact that
under the latter, methane formed by thermal decomposition in the quench area is oxided to
from formaldehyde, whereas under the former operations, formaldehyde is directly formed,
by thermal decomposition and oxidation reaction, more easily.

5) The nitrogen oxides concetration NO, under methanol operations is lower, to some de-
gree, than that under gasoline operations. If the suction pipe wall temperature t,, is raised
(Fig.2) and the ignition advance 8 increased (Fig.5), however, the NO, concentration is
increased and becomes higher than that under gasoline operations. If the water content y is
increased (Fig.4), on the other hand, decrease of the combustion temperature due to increase
in latent heat of fuel makes NO, remarkably decrease. Moreover, all the conditions which
decrease NOj tend to lower the engine power within the lean mixture range. Consequently,
it is necessary to select the -most suitable values of t,, v, § etc. without lowering engine
power. On the basis of the engine power L.=3.3 Ps at A=1 under gasoline operations (4=
35°CA and 7;=42.5%), now, let us compare the value of the thermal efficiency » and the
exhaust emission concentrations : under gasoline operations, » =209, CO=0.7%, THC=
260ppm, RHCO=25ppm and NO,=2400ppm, whereas under methanol operations (§=48.5
‘CA,y=0.5 and t,=44°C), » =18%, CO=0.6%, THC=200ppm, RHCO=120ppm and NO.=
130ppm. Although 5 decreases by 29, that is, not only CO and THC but also NO, are
reduced and the reduction of NO, is particularly remarkable, amounting to about 1/20. While
RCHO should be reduced by means of a suitable method, it is possible to decrease further CO,
THC etc. by heating the suction pipe. If the water-containing methanol is used and
measures to promote its evaporation are taken, consequently, it may be a very useful fuel for
carburettor engine.
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3.2 Cycle-by-cycle variation of combustion pressure
3.2.1 Frequency of combustion pressur variation

Figs.6, 7 and 8 show the average pressure diagram (F vs. 4) at 1000 cycle, the variation
frequencies F % of the combustion pressure P at 5.6 and 1.6 °CA before and 8.8 and 16 °CA
after the top dead center (TDC) and the maximum combustion pressure P mex. Combustion
variation at the initial stage of the combustion process depends essentially on ignition lag and
the condition of mixture near the ignition plugs, whereas pressure variation is more amplified
when the mass rate of burning is larger. If the excess air ratin is higher, the suction pipe
wall temperature lower and water content larger, for this reason, the ignition lag more in-
creases and moreover the flame velocity V, also decreases, so that the mass rate of burning
at the same crankangle before the TDC decreases. As shown in the figures, consequently,
the pressure variation decreases with increasing A (Fig.6), decreasing t,, and increasing y
(Fig.7). A similar phenomenon can be observed also when the ignition advance g is de-
creased. Since fuel perfectly evaporates in the combustion process after the TDC and the
mixture also becomes uniform, the process depends on the average propertied of mixture and
it is affected by the variation of average mixture ratio but since lower combustion before the
TDC makes larger the mass rate of burning, the pressure variation in this period also in-
creases. The variation of the maximum combustion pressure P . so far frequently used
for representing combustion variation, is similar to that of the combustion pressure at a crank
angle after the TDC, because the maximum pressure is produced after the top dead center.

Ny= 425%
© =35°cA
ys= 0

e A= 086
--- 099
R
136

4

-BlO 0
6 *ca

Fig. 6 : Frequency of cylinder pressure variation F vs. excess air ratio A
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For this reason, it cannot be said that the variation of Pmex represents precisely that of the
combustion as a whole but since the former is closely related to combustion condition during.
the so-called principal combustion period after the TDC and also deeply connected with the
combustion noise and the RHCO concentration, it can be a useful index indicating the com-
bustion condition. Such pressure variation frequency distribution curves are perfectly the
same in either case of methanol and gasoline operations.
3.2.2 Variation of maximum combustion pressure

Simultaneously with the experiments shown in Figs.2 to 5 the cylinder combustion
pressure is recorded, based on these results the average maximum combustion pressure P gy,
its forming period 8 (Pmax), the standard deviation S of Puayx, the coefficient of variation
S/Pmax etc. are determined and given in Figs.9, 10 and 11. And, as an example of the
experimental results obtained on the side-valve engine, Fig.12 shows Pex, 6(Pmex), the
maximum AP e« of a difference AP between the combustion and motoring pressures, its
forming period 8(APae»), the combustion duration 6, and the flame velocity V(1 to 2) and V,
(1 to 3) calculated from the time when flame passes through the ion plugs 1 to 2 and 1 to 3.
As can be seen from the figures, evaporation of methanol in the suction pipe 1s comparatively
bad and for this reason the mixture is not uniform with its large variation. When the suction
pipe wall temperature t, is 9 °C (® marks in Fig.9), consequently, the deviation S of P yax 1S
larger, to some degree, than that under gasoline operations (dotted line in Fig.9). Since the
calorific value of methanol mixture is larger than that gasoline mixture and in proportion to
this P nex also higher, however, the coefficient of variation S/Ppqx under methanol operations
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is slightly lower than that under gasoline operations. On the other hand, Pnex increases with
increasing t, (OEP in Fig.9), decreasing water content y (Iig.10) and increasing ignition
advance @ (Fig.11), at the same time the forming period of P mex approaches the TDC, that is,
(P max) decreases and S as well as S/Pmax also decrease. Since in either case the flame
velocity is the highest near A=0.85, then #(Pmax) becomes minimum, Pmax maximum, and S
as well as S/Pnax are minimum. Since v, decreases with increasing A, however, 8(Pugx)
increases, P nax decreases and S as well as S/Pax also increase. When A exceeds certain
value, S and S/Pmex on the contrary decrease. There is a positive correlation between
S/P max and O(Pmax), because this S/Ppax versus A curve is similar to the @(Ppax) versus A.
S/P max under motoring operations is 2 9%, in each of the engines tested there is a variation,
in charged fresh air, of this order and it appears that P,y is caused to change as a result of
synergistic effect of a combustion variation related to the mixture with the above-mentioned.
In the case of firing operations, the minimum values of S/Pmax are 6 %, 5 % (t,=9 °C) and
4 9% (t,=44 °C) under operations with gasoline and methanol and when the suction pipe is
heated, respectively. )

Even if the operating condition is altered, it is considerably difficult to improve S/Pmax.
This S/Pmex increases with increasing A and attains, e.g., 17 % (t,=9 °C) at A=1.2.

If the suction pipe is heated, however, S/Pmax is remarkably improved to be decreased
down to 9 % (t,=44 °C).
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The improving effect due to suction pipe heating is thus more remarkable under

conditions of more difficult combustion.
3.3 Correlation between the combustion characteristics

3.3.1 Maximum cylinder pressure P nqx

Various correlations among the mean maximum combustion pressure Pmay, its forming
preiod 8 (Pmex), the maximum value AP ., of a difference AP between the mean combustion
Pand compression P, pressures are shown in Figs. 13, 14 and 15.

According to these figures, there is a linear correlation between P q, and AP ., (Fig. 13)
and all the points lie on the same gradient line, which does not depend on whether the
side-valve engine E-252 (SV) or a two-cycle (H) is tested, on whether a tested engine is
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operated with methanol (Omark) or gasoline (® mark) and on operating conditions such as
the suction pipe wall teperature etc. The forming periodos of P pex and APmax correspond to
a condition where flame spreads sufficiently in the combustion chamber and depend mainly
on such average properties as mixture ratio and charged quantity of fresh air in the com-
bustion chamber. If the breathing air and the engine speed are kept constant irrespective of
the operating conditions as the present experiment, consequently, it appears that a partic-
ularly strong correlation (coefficient of correlation y=0.9875) exists between P rax and APax.
If the combustion velocity is larger and the combustion completed in an early stage, that is,
B(APmax) 1s shorter, Pouex and AP,., are formed while the combustion chamber having only
a smaller volume, whith lower heat loss, so that the values of Ppax and APex becom both
larger.

As shown in Figs. 14 and 15, consequently, strong negative correlations exist between
P max and 8 (Prex) as well as between AP nax and 8 (APnqs), respectively. When A increases
and S/P nax rapidly decreases, however, § (Pnax) also decreses in this range (A >1.3 to 1.4) so
that within the range there exists on the contrary a positive correlation between P, and

g (]_Dmax)~
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Although a similar correlation can be observed also when the ignition advance @ 1s
altered, P nax and APnax decrease as well as 8 (Pmax) and 6 (APpa.) increase with decreasing
8, so that it is impossible to make the experimental results lie on one straight line. Since
correlations exist between P gx and APmex between Pomex and 8 (Pmax) and between APmax
and 6 (APnax), @ positive correlation must exist also between 8 (Pmax) a0d 8 (APmax).

3. 3.2 Maximum heat release

Fig. 13 shows a representative result of the mass rate of burning Y=AP/APnax,
calculated by the Rassmeiler's method ® from the average combustion P and compression P,
pressures at 1000 cycle. Z on the abscissa is a ratio of the crank angle § from combustion
start to the combustion period §,, that is, Z=6§/6, and the combustion start and end corre-
spond to moments when the cylinder pressure begins to become higher than the motoring
and when AP becomes equal to APpax. According to such a result of analysis as this, the
combustion becomes slower (with slower increase in AP) with increasing excess air ratio A
and water content v and decreasing suction pipe wall temperature t, and ignition advance
g, so that the period of combustion end #(APna») is delayed and AP sex also lowered. An
equation of this mass rate of burning is given by Wiebe as follows'® :

_azﬂH—l

D e B T P PPRNN (1)

where a and m denote characteristics numbers on combustion and Wiebe described that a =
6.9, m=0.1 to 1.0 for diesel engine and 1.0 to 3.0 for gasoline engine. However, the results
obtained in the present experiment under both gasoline (O mark) and methanol (® mark)
operations do not coincide with the Wiebe's calculation curve (Fig. 13), that is, it shows such
a condition that m is lower at the initial stage of combustion and becomes large towards final
stage.  Now, let us determine an average value of m. Read the value of Z at Y=0.5 out of
the Y versus z curve and after substituting it into Eq. (1) calculate the value of m backwards,
then, although the value of m depends to some degree on A, ty, 8 etc., it is kept within a
range from 2.5 to 4.3 (see Fig. 12). With Y denoting the mass rate of burning, the rate of
heat release is given, from the Wiebe's formula (1), by the following :

dQ dYy

m

W’—'Hu'Gf"d?:Hu'Gf-e’“zm+l-a(m+1)’z—b ............................. (2)
. . a0 1 1/(m+1) o
Differentiate Eq. (2) with 6 and put ' =0, then z= [m—)] , whichisa

condition for fé;g to maximum.
Consequently, the maximum value of heat release(%?—)max is
(d@) — Hu'Ga/Mo
max

X 1 @b Q("_ﬂ"i“ 1){"_”/@( m+1)}m/(ﬂ+})e*1!/(ll+l) ............... < 3 )

de

where H,; The lower calorific value of fuel, Gz Flow rate of the fuel, G,: Quantity of breathing
air, A: Excess air ratio, Mo : Theoretical air/fuel ratio, §,: Duration of combustion, 2 and m:
Characteristics numbers on the combustion.

Since, in the present experiment, G, is constant, the experimental value of m is 2.5t0 4.3
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Fig. 16 : Burning mass rate Y and Wiebe's function

and the corresponding value of a(m+1) -{m/a(m+1)} - € ™™ 2.3 to 2.8 provided that a =

6.9, on the assumption that this value is also constant, the value (%) o 1s proportional to

H./My)/(A8,). From the equation of energy equilibrium for mixture in the cylinder as well
as that of state for gas, on the other hand, the rate of heat release is given by

d - _ .

dgzl‘fél(/c'p Z;/+Vg§>+ Clé’{gw .......................................... (4)
where @: Quantity of heat release, Q,: Quantity of emitted heat, §: Crank angle, A: Heat
equivalent of work, »: Specific heat ratio of mixture in the cylinder, P: Average combustion
pressure at 1000 cycle, V: Volume of the combustion chamber.

If successive numerical calculation of Eq.(4) is carried out with the average pressure

49

diagram, consequently, it is possible to obtain easily an effective rate of heat release < 70

_%% . While an empirical formula on (dQ./d) is proposed, Fig. 17 shows a relation
! w S ) _
between (H./M,)/(A8,) and <_a’%_ ci,% >max which is calculated instead of (dQ/d8)max
because dQ./d@ is proportional to dQ/dé and its value is comparatively small. From the
figure, it can be seen that the experimental values either case of methanol (O mark) and

gasoline (@ mark) operations lie well on a straight line and, for this reason, that there

exists a strong positive correlation (y=0.9584) between <%%>mx and (H,/No)/(A8,).

Since as mentioned in the preceding section Pmex increases with decreasing combustion
period s, Pmax is proportional to 1/16, Consequently, a positive correlation (y=0.9225)

exists also between <%Q> and P .. Fig. 18).

max
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4. Conclusion

The influences of methanol-operating conditions of four-cycle spark-ignition engine on
the engine power, the characterisitics of exhaust gas and combustion variation were in-
vestigated experimentally besides the correlation among combustion characteristics. The
obtained results can be summarized as follows :

1) Since methanol evaporates only inactively in the suction pipe because of its large latent
heat, it is necessary to promote evaporation by heating the suction pipe wall makes the
concentration of total hydrocarbon THC decrease but on the contrary that of nitrogen oxides
NO,increase. Although it is possible to lower NO, by means of operating with lean mixture,
the engine power decreases simultaneously so that there is not almost advantage in com-
parison with gasoline operation. If water-containing methanol is used and its water content,
the suction pipe wall temperature and the ignition timing are suitable to reduce remarkably
NO, without lowering the power. Since in this case the concentration of aldehyde RCHO is
considerably higher than that under gasoline operations, it is necessary to remove it through
some appropriate measure.

2) The coefficient of cycle variation S/Pex in maximum combustion pressure has a mini-
mum, about 5%, near A=0.85.

Since, the value of S/Pn,x increases with increasing A and when A becomes larger than
a certain value, it decreases.

In general, the value of S/Pmax increases with increasing water content y and decreasing
ignition advance 6 but it decreases by heating the suction pipe and at the same time the
combustible range also expands towards the leaner mixture side. In the case of A=1.2, e.g.,
it is possible to improve S/P .. from 17 to 9% at t, from 9 to 44°C, respectively.

3 ) Pumax and APnax, characteristics of the combustion pressure, as well as the flame velocity
V, take respective maximum near the excess air ratio A=0.85 and at the same time their
respective forming periods 8 (Puax), § (APnax) and the combustion duration §, have re-
spective minimum. Since mixture burns more slowly with increasing A, 8 (Bmax), 6 (APmax)
and 6, increase, whereas Pumgx, APmaex and V, decrease. At constant A, 8(Pmax), 6(APmex)
and 6, decrease and P max and APnex increase with increasing suction pipe wall temperature,
decreasing water content y and increasing ignition advance 4.

4} Tt is possible to observe positive strong correlations between P mex and APpmay, between
H(Pmax) and G(APnax) and between S/Pmex and 8(Paex), whereas negative between P pax and
H(Pmax) and between APpax and 6(AP mesx).

5) Although the mass rate of burning Y does not always coincide with the Wiebe’s function,
backward calculation of the characteristics number m with an experimental value Z (=6/6,)
at Y=0.5 reveals that the value of m decreases, within a range from 2.5 to 4.3, with in-
creasing excess air ratio A and ignition advance 4.

6 ) The maximum value of the rate of heat release (Té’) nax ATE linearly proportional to
(Hu/M,)/ A8, and lie well on a straight line irrespective of gasoline or methanol operations.

This result coincides sufficiently with that of qualitative analysis by means of the
Wiebe's function. A positive strong correlation exists between this <_i"§> and P nax.
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Nomenclatures
A : Heat equivalent of work (Kcal/Kg-m)
CcO . Carbon monoxide concentration (94)
F : Frequency of combustion pressure variation
G : Flow rate (g/sec)
Hu : Lower calorific value (Kcal/Kg)
Le : Power (Ps)
Mo : Theoretical Air/Fuel ratio (Kg/Kg)
N : Engine speed (rpm)
NO. : Nitrogen oxide concentration (ppm)
P . Average combustion pressure at 1000 cycle (Kg/cm?)
Pc . Average compression pressure (Kg/cm?)
Poax : Maximum combustion pressure (Kg/cm?)
Poax : Average value of maximum combustion pressure (Kg/cm?)
AP : Pressure difference the mean combustion and compression pressures (Kg/cm?)
AP gy : Maximum value of pressure difference AP (Kg/cm?)
Q . Quantity of heat release (Kcal)
Qu : Quantity of emitted heat (Kcal)
RCHO : Aldehyde concentration (ppm)
S : Standard deviation
S/Pumax : Coefficient of variation
THC : Total hydrocarbon concentration (ppm)
te . Exhaust gas temperature (°C)
tw : Suction pipe wall temperature (°C)
\%i : Flame velocity (m/sec)
Y : Mass rate of burning
v : Water content (%)
Y/ . Thermal efficiency
/D : Volumetric efficiency
@ : Crank angle ("CA)
G : Combustion period ("CA)
K : Specific heat ratio of mixture in the cylinder
A : Excess air ratio
a, m . Characteristics numbers on the combustion
(Received May. 20, 1978)
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Analysis of Radiative Heat Transfer
(1st Report, In case of compound heat transfer with

radiation, convection and internal heat source)
Masayosht Kobiyama

Abstract

The energy equations of compound heat transfer with radiation and convection are non-linear integro-
differential type which is not easy for analysis. In this report, one of the numerical methods is introduced
under the condition of uniform radiative properties with Monte Carlo Method in order to make the analysis
possible and easy. The analytical results of this compound heat transfer with internal heat source prove that
the effects of radiative absorption coefficient and quantity of internal heat source have influence on heat
transfer characteristics.

1. #&

il

BT BRED ROREBFFE % BT 5, %W LIEBEBEENEE L b T 1213 RO ENED
MM A HAL 2 2 EERETEOTENAL LT HRr AERIEICL £ H 5, AL
MDEEAERE L TR L 2RHAOBELRL, TORHREIEHETH L, 0k, BHBRER
&AL LRI T 5 0B S CIRE SN, LHEMIC 2 DR LML E N AICED Y, MR
FERAHOHLIZ RN ESIZITE B L)k TETws, L, BREZHEBILL
Th, REZET 2ESHEN iR (RE) ZEECE 2 68 5 IFAEEE TlHinEIC
B LIERR OiE s HER & % 5) DBERE—IRCEETH), £ DEBRRICEIETE, B
BEr2EROERR B TEZEZ L TFMCERELIIRREE 4> T 5,

AR TIL, BBADRIK, BEWIESEOEIC RBRME N S 58165 A FE% Monte Carlo 32"
N2 &Y BMREDEN 24T v, BED S 5 &M TO L & TR EMENBRELRL
%, 2OFMAFESTHY, BERITICLE LT 2 EERMOBEHEI TR TH L Z L E2TT,
F 7z, PAT AR GRS A & NSRS 8% 1 O IUFTERIR D TRED T 2 B & DEMGED AT 2177\,
FORMEH LY ET 5,

(113)



736 o ' R

B} =
A EE m? y HEE kg/m?
Cp :=EFEL#H kcal/kg 'K & CERE
E D EtRE keal/m®h ¢ DHGIA  rad
F 2ol %2 EE L 2 ERK 7 P KEMA rad
1 DU NEREERMERE m 0  EKRTIEE
N IBEWHE &K 6 D EERITIRE
Np {2E—RHF T2 —% x DHHRIDURS 1 /m
Nux B X vt M A D #Ri#EE  kcal/mh 'K
P {uE o P RTF 7Ky rEH kcal/m?h’K¢
Pr 752y T My = atiE]
Qin . WHRZEESBE  kcal/m*h ¢ CBDEREBANERNOFAEDL A rad
dr : HEEGEHR  keal/m*h .
qx - EBEEHAM kcal/mh THF
R :0=£R<1 n—E% m EHE
Re :vA4 /0 w B
s I X—VVHEOMIERMES m g ik
T :#&EE K g8, gW, wg, Www : BUNER O E
t  EE °C
u I E m/h LiRF
X 17v—v¥ 1 I —IKIT
X EAH RO I k3t
Yo RACE A O

2. E8%RE L UEEAER

21 &z # %

RERER LIZRT, RETIVIE 2 FEICEIRIE T, x H$ b bt iz tERED
PATHRE & WERR S (X = 01C CRAZMMAT 5) 4 B ERK R L 2 BHkE T
RNBHETHL, ZOMOROBERELODELEL,

To chilled wall Tw
I | A 777777777 77T IT7777R
U
qin=0 J qin=const. Yo (=TO )
To=const.
X
b 77 77777777777 772277772
To chilled wall Tw

1 E#A

(114)



BUH BURE O R 737

1) ARG EEFEL AL 2 IRERSIERIK L T 5,
2) BEmITFROBARELGHE T 5,
3) BLAHEH 2 ) ORETRBEL —E LT 5,
4) Wi —E L L, WRICE RN L EORBITIZFEEL L,
5) MiMB L UBMGEIT E LIZEERBICHELDET B,
2. 2 E@EHEX ((TE12H)

EESHILRAET 2,

w=suni(5)- ()} (1)

TRs L OBEEICH T 2 22X —REe kR ET 5,

oT *T )
7UCh 8xg —/1( ayzg >_dIVQRg+C]in (2)
dxn= /1< 3y )y . —4dRrRuw1 (3)

12720, dres Gre ZBOBOWR, BEICETIHHEBKEECTHY, K1 1057 kitE
BEHIZH L TR ELTE 20015,

. Feo —K
—div ng:~4ng+x[_ﬂw . 4/{,‘Eg{fm s dz}dy dx

+o0 +eo -klwl
+fvw Ewl{[m e”_llgvl—cowldz}dx

Bl [ B [T cos hade) ] (4)
—Qru1 = ~Ew1+f;w/;y04/cEg{ ;mj—;:l%l COS ¢ dz}dy dx
+£;wsz{[;w eﬂ}gf CcoS?d 1z dz}dx (5)
2L, L REET 3 CERMOEMERTH S,
2T, RRUC L BEMZ 24T, F i "7 20Bl %58 L 2 EREY & L,

+o0  —K{
Files) ={ [ daledr dy
© —klwl
Fgg(szl):{[+ e—ﬂz-gl-— cos¢1dz}/ca’xa’g/
oo —Klwl
Fgw(/cSwl):{/: ﬁzj—l- COS¢51dZ}dx

- _ +oo e—ﬁlwlz 9 d d
Fww(/CSwm) ”11%_12 COS“ gr2dzpdx

(115)



738 ol B R

2272l sEEHT 5 “HERMOFE (x— g FE) FoOBESTH S,
272, F'= [ (FUdder LT, D E0BSBL 24755,

Fiey) ={ [ [ "¢ dedxleay

+o0o +oo —lclwl
Foelyum) {f f 212, cosqﬁldza’x}/cdy

+oo -/clwl
Fgw(/cywl)—{f f AlZ cos¢1dzdx} (7)
+o0 0 —rslwl
Fowlxyo) —{f f+ Py 2 COSZQSldedx}

T, FLF" #8050 T—Xt,), "2ok00) EEL L2, FIBLUF (1, ¥
k., Einstein?E# L 2 BMF.® 5 & CHEIES B E. & D X OBE S 5,

o) =554 g, ()

Fiu( ) = Fo(2)

kydxdy
Fue(7) %‘—Fz(f)
td
Fllu( 1) =205 F(0)

7200, tliks L (CEZEEOPE LoXEER), Ful)idkR2 L - TORENS,
%{
]Fn(r):/; e~ T cos ) d ¢ (n=1,2,3) (9)
Feel7) =6dyE7)/2
-Filug( T) :2/CdZIE2( T)

Fiu(7) =E:(7)/2

Fz'ow( To)IZEs(To)
72750, viiay®, woldeye (TFEBO S EE) 2 &L, En(DidRA2d > TRENE,

1
En( r):fo " te™ M du, p=cos 6 (n=1,2,3) (11)

(116)



U BT D IRAT 739

3. B W &

BIEICBWT, EREAENFEAL, MERKZERELY, HEzFFICEERTLZ LI
&) FRANTIREIC LIERE &Y, Fi2, NERRALZFEFICERET S Z 0L DTk 2
LDHRITEHICIESL, 20726, BRRNEZBWMATERTEZEIZLT LLFOERERS L L,
—IALER Y, BEES L T5 EERS T, Ld-T, 22Tl kb L7223 % B
B, DHICHENIENB L OHEDFRICULELTBRIUEE & CBREKTR 2 RT,

3. 1 RSEBREDRITE

Bk T 2 W O DORMBERRET 5726, I 2 TIRRHEAEEEN HIZ Monte Carlo #: %
Huws, 1 8L UEBERISRIEERICNL, RLAMTHL EE2 5 b FiE—EFD &

(Exchange Factor Distribution Method) — % A (i) Ricx L ARh % Hdkid gk 2o v Uik
F8k310md) LAEVS

311 ﬁZWWW%%FLtW%WﬁFmiﬁ HiEr b, R (6) TRLAEF"%K2

V2R K LERT S, R2DEERIZOENFKHELZE

1) ko= ka=k=—3E
2) Axo=Axe=Axy=Ax=
Ayo=Aya=Aypr=A0y=
3) BN ERPORE L LIEERmE —BREETH 5,
EiLongtEr ok (6) E>EF:&EN1ND,

—%E
—%E

F gg(/f,|xo_xaf,|1/0“ Z/al)

T T il

fxo+AxoLzo+Ayodyodx0:K{f+w47;[g dZ}AZ/Ax

File(i\xo—xd,|yo—ysl) = {f 4772 cos¢a’z}AyAx (13)

Ixo xaHZ/o ]/a!) {f dr lz COS(ﬁ}Ax

+eo Alcl
" <x,|xa—xb|,|yo—yd|>:{ £ cosglax

COFEE2 I RTME oY B a v LiZ bh L O BMEREROEISE R, £,
STE R L FHEROMNR LM ERROAIZL VI 2ELN T, FADRNE#E
BLEERRERE AL TN TES,

—F7, FNEIERI T 5 2 &b b, BMEMRIT L, L0/ S % e, A% AV (23 F'% k> T

(117)



740 o B R

BE, INLDENKRELBEICHEETAI A TEL L L2, —RTOEBEGER 2 kR
TNBEBICKDBEZEDTEL, (X (7)) B8R)

F'(j)=F(1,)+23} F'(i,j)=F"(1, /) 22 F"(i, j) (14)

L, BMzicseT (i, ) =(1, 1) #FHERE L, BR | oREHREE FIO) 2L
T3,

Xy wall 2
b
A
n-1 g v
‘__Axo/l/__m'(b__
AR A i ol ¥
_(— ; y 1 Axa l_ 1_r"f' ! ///
O Aoy fa e 013/
l >:ﬂ 1 i ix lw &.‘/
THE )
a " N wall 1
0 !

2 BAEEANTIC B 5 R R

3. L 2 HROBRNEEE L -HEEHF OFHE
a) BEHRA MArE 3R AT B B b AT R

¥
2RI HHT 5, BRNOBS RS HAE Py (%1, v1) (2R v, Ay Py
Ll DkHLNB, o 1
AX —
Re={x1—x:)/Ax
(15)
Ry=(y1—ys)/Ay 0 %, %, N
27T, Ry, Ry 1302 R <1 0—#EHTH 3, B3 S wa ihrE

b)) BEROWINEESE S L osf s BRI S LB R 1 (WRIEREE & & O, B
BRI S S N —AORH R ITE P CRINE N TRl LB T8RN E N5 L A% T),
RIEFAHIE p, HEAHE CICHEEN L BOBODHERER, Ry, RelI>&Ee%5, (T4b
L, ~AKOWFRSBINE N EAEEL, Rx, Ry, Ry, Ry, Reds5on—#E iz L W #HES N
%, 18k 2 )

Ri=1—e*
Ry,=(1—cosn)/2
’ os ). }zm:
R:=¢/27 (16)
R,=1—cos?y }éﬁfﬁ
Re=¢/27

(118)



HUH BURE DRI 741

y Pe(xg) Pl(X:L) wall 2
LLL L L L L L Lhdt Vi (| [ L7
Vo P (%p57550)
-i»-—l Pz'(xz,yz,z2)
/’
7 n \\ Yo
Pl(xl’yl’o) X2 X
Z
a4
/ 7
z wall 1
B4 HATROERS M5 HTRE B & OTRINLE
-1 BEROWMNALE
Po(x2,y2)=P:(!sin nsin ¢ + %1, aglcosn+ br)
Ny ¥l i) ar br
(- Gx"Gz,Gz”Gl 1 N
T > W= G 1 g
N 2
= - W.— G» -1 Yo
P.(x2)=Crtanpsin ¢ +x,
n Radiative Bundles ¥ i Cn
G~ W, Yo—
" - W -
B6  BURATL, NS G .
Wi-W,, W.» W, Yo

C) B ROBILE Z“EOMEETHEERP (X, V, 2) 2-TRTLDET 5,
X (16) (FX4 12" & ) % BREEERD (1, 5, ) 2HYE525120T, ZN4PIE
By 5 LR REHE P (%0, v, 0) 1IZHHE L 72 Py (Xe, Vo, 22) #8615, 3 (6) 125K
ANz HFADHES 2T 20, 2%k X — YV PRIZEHRFEZL72H P, (X, vz, 0) 2 ZOHHE
ARSI NDLNET 5,

WHEAFHINAUE RN ENEMEL RTX ~ YV ERLCRT ERb DL ) Lds
HD, MAIZRTMERFRErS, RIMEP.B3E1H L CkHsns,

d) TRITHEERE K6 IR T R RE N2 L DFHER 155 AT, BOMEEESE o,
BT 2ER2(BER I LFNSNHA RS, 2 2 CNZIT 2 L0 8§53 )0 TRITIEE
s Fle(n, ) 13 ERFEROER L D RRIZ L VKb b5,

Fly(71,2) = No/ Ny (17)

(119)



742 oW B OB

3 { 1 0.4
1
th | AT=0.1 t Same conditions
0.08 Tl ’ 0.3 F as fig.(a)
A
“ —A71=0.1 \
0.06 s 0.2 \ - Present
N, =10 R\ ———Einstein's
0.0 L Present oL N o }rgw
———FEinstein's . \\ . ?Wg
02 o Fee(1,3)
0. - _ 1 1 1
* Feslr,ry) 0 0.05 0.15 0.25 0.35 0.45
T
i 1 1 i
0 0.1 0.2 0.3 0.4 X 7 (b
N 0.10 7
-]
B 7@ TRTRERE (EFFRESR) il | }
0.08—‘ AT=0.05
\ Ll ar=0.20}
ot - N oS e S \

HROBIZH T B LR SICRT, [z o gk | _ Einstein's was
B (9) 12T, Binstein = & 2FU% piE2 \'/ v 3 2
LTHb, M7i12 Ax=Ay DHETHY, [H 0.

(a) & Einstein {2t 2 Fik iz =01z
BUCRE(R (8) 13 =0 THRA% L) 0.
L, EBEOFEICH w283 TEL Y, £

72, RECTHGR ) ERARG RS Y, F
HREREL D b iE a2 R, R8PIZRT
FER DB INEFE DR T 3R 0 BB 2477
O DHEETH 57HY, Einstein |2 & 2 ERNESABOBMRE X E 2 2 HiE T, N EROK
ROBIATEL KRB TEL W2 LD bh b,

e) —RIUHERE Fio F'%R (14) ~RAL KD 72—kt ERE LK 9 I2RT, =
FHEE DN RERE o/ E WA B LU FIOEAVNE GHEBUC B TR REANIE S
DEFHLTWED, R (17) oML L L )t 2EDNBEFRIHLT S Z &

(X Ft+2XFew)r=1, (ZDFwgt+ 2 Fow)p=1 (18)
»EEL, 9L L 7o S EMEIEME (Hh#R) 2 EBOHERICH V5 LHEOEMUL LI
HEMEAOBRENICHE D, LY ERS N2 HENE TLE L 2 U BB EN BB T
AT ) ENTED,

{) BRERORBE BECL2FERLHCEERT T2 &, TOFEREIT.ORER
EICL VB S N5, BEEE NDEE SIIHHT 2ERZIT AR L Nok 75 & %, [

M8 kILEERE (RARER)

(120)



102

T,=KY(=0.25

G BRI O AT

X9 (2)

— R TERRE RS

T=k¥y=1.00

10-2 I L I

1

i 1 Ly

13 15 17

1113

15 17 1920
J

L
1920
3 Fou=0
104 1 ] I 1 1 A 1 A
13 5 7 11 13 15 17 1920

=9 @

(121)

J

743



744 o B R

EFBRL VKRN TELEINS,

soc1/yV/No (19)
— 5, Nold i B TR I N2 R HT 5, 2 2 THW2 EFD 3T, B—RHEER
FHER»LZITIMFARELLC R (7)) 28T H720, @RHARHENLETEL, B
& iR Seep FKRNEL S,

derp o<1/ N, (20)
Uk L, —#hy7 Monte Carlo 3k T3, £BERZBATRFTHER & L, FEFRIC Nt 24k
GT A28, BROKY (nXm) Thar s, B—ERH, L HH S5 KRS R FE Nt/
(nXm) &7, EfHEOEE WEDE LR 5,

swoclfy/ 5N (21)

$72, Sn& Oerp DILEE B LKA LD, EFD iz &k 5 Fi3—##97% Monte Carlo #iz k
5108, BEOFWZ b5,

3E,FD/5N:1/V nXm (22)
g) B OME EFD Rz ABMGEROFTEICKTL L, 7 AN L ZRE L 72 R

Br—ErTHELTBE, 20fEEHY, FEZEDLORH AN —2E5T 52 L2k
DEHBMCERYSTHEENE, T4bb, R (6) 2L (7) CRTBERESOERL
0, B5NEHP, (HHZ AN ¥Qr=4«EgdA %t LIz=Ewdx) » 5 EHE P, O GEER
EE Qi RRIcL I RHLINE,

Q1= QrXF (23)
COMHZANFOSFEE EERICHLITE ) &, R (4) 8LURX (5) o ~divaeticEg 5
T —qrotEW 255 TEI NS,

INHLDFEEE G Z 12 L D, Monte Carlo A DEARKH A R UELTHREP R
FRL, £/, BEELOTHE LHERLINS,
h) & 2 &MHTic BT 5 Monte Carlo Hhi# ] (ZBKROIK, WS IEFENEILIZ Tk
%&—2 Monte Carlo )8 Fi & B
i H i B
ETF RO U RILA% BRI 2R M
N & il PR oy [ U3 7 L]l i3 %5 L
NEOEEKELTEZS

DPE & | i fR w L il 'S S L
noHE

% W

A— ok, =0 ]
BFD i Fl %Hj: N I
NERCHETEDSHE

EBN#& | fi i3 % Lo| il PR 43 L & < f o % &

o
—




S BRI DA 745

D& BT EEL Monte Carlo #:i3, K, MEFTHEMEAOBRELNEL, /2, UK
T BT FOZRERE L BIF LISV, TOREEZERT 22HICI3B R HERRH 2
PVEET L, 2ok, WRHERICH 252 EE, ZOFARERET L (D00 hkrE
AL, InbohEnER#EE2E2IZRL, FR3EBVWTH#ERT2, 260 FExR %
DR RS LBV S 2 212k Y, Monte Carlo i M B fIH TE, LW HFHES % fEH
TAHEIENTES,

3. 2 M- WREFHEEDORENTE

BEREHF RO RBMGEICE T 2 M HOKERIC 225 EE W5, KX (2) DR E
BECETAEHEZDENLHICEERIERZ 5,

Qre= —divgre+4xEy (24)

i zmT L) IZHB T2 NERORAENELEP & L, ZCHET 2 EE (HEH
WAeBICIED M—FIK, THEET5) 2N, S, WegfHits, X (2) #25mEUT5 &K
RNEH5,

ruc i =TS 4o Ti Quart am (25)

WHBES IRTHICEIR Y &, BITHOMEE L T ESET 274 ) 2 e Tad, K
HitgEicka b e L, R (25) CHBIEFTERAN, DEOENKEUREZ KDL L &
T 5, (RHEMLEL -—KITTHNICEUER ) &, EITHEOMB E 4 567, FERUEZONEICL DR
BHEERL2DLEY L, ZITONLHFERFOT EBEIEEINS,)

TE— Tk n—1__ n n
g A e (T + Qi+ an (26)

TUCH

72770, NEREEKTHL, X (26) 2TRHIOWCE b2 EDED 4 KRFERLE, EHE
ICHEATAIENERL PIZBITAIEETE- T4,

o Ty + (T84 BAr )7y TEC by (704 TR+ Qg+ 4in] =0

(27)
BEICNL CTLHREICBT 2 LEFEOEFEMUZH 2, X (3) ORSTEGZICET2HE
rRANEB L,
Qruv1= —qruo1t Euw (28)
NIZRTEES L 020 ENMINESZTHY, 2021745 &, R (3) nEHRIE
DEEL D,

Tv—T.
gn=A (Xy Z)P — oTé1,p+ Qrurp (29)

(123)



746 B B R

y
W p 1
1 X NAy
P {
Ay ) 7777 7 7777

wall 1
. L Bl EROMEE (EE—RHE)

X

10 EROMIHLE (k)

FEngEPRIE o2& &% B,

T4
gh= AWH o( Tae)'+ QFatp (30)

EENFIRTHIER (30) L) ZOBAMC AR b 15, SRARENSBITIZ, BHE Th,
BOXD 4 KHBRROME L TR LN,

n 4 /1 n — A n—1 n—-1 _ _n _
0(Twl,P)+(Ay2) Twl,P [m TH +QRw1,P Qx1]—0 (31>

4. BEARGIE % DIRES

TS BV CTNIREEE ) A — N HEFEREERE A2 2 515 £ Hi12 %L
Hb, KIFONEFHE Qn (BFEAR) (3 10*~10%keal/m?higE TH D, TEBIRMAD B IRIL
R %12 0.25~1.0 I/mBETH D, LL, ~RICKFNL ) LEEREEZ L &L, RDOE
B, BIKEEZIIAE(, T, WEBFEHIE Arrhenius D IGEEINC A5 5 L 5 ITIRED
bR OBESHIC LV ELL, LT LIRBAEIS—ETH S &) FHIEEALL v,
L7eds-> T, RBOEHET TOMTRERITROERNLEEEZ RTICTEL W, ZORELR
2, BEBGENTIRCLHEELT 2, Tabb, BRHARKREGIDENFMELIMZTLL,
ATk D — R T REREL F' % I EUERIT 2177 5 .

09ry  09rRx
% > 5 (32)

4. 1 BEEHB L UEREYS
BBRANDEELEB L UVBREMEYE 2 /26, DEOEKITTHEEH, X (12) O&BT
T (2) BLUR (3) 28H T2 2R (34), (35) #1552,

(124)



B BLE O BAT 747

U=uftim, Re=unyolv, Py=ycovjA, 6= T/ T, Ty=KY, To=kYo,
Y:l//yo, X:(x/Z/o)/(RePy),NR:/\/C/(ZIO‘Tz%), (33>
Qin:qmyg/(/l Tw), NuxZQx‘Z/o//i( Tw— Tm)

2 2 70
U‘gxi:g*ydiz - ]T\/E; {04_L 94F§g( Ty)dfy—%[ngg( fy,wl)

+ Fug g0 )]}+ Qin (34)
— 0= Fhu( )]} (35)

2L, BEFROZHEET Tw,=Tw,=Tw ¥ LT3,

L= ROBMYERIZ 7V — v BX B LY FAOEKTERY Th 1), sELrE:
SFEHONEER 0, (ZE G/ T #— % No, BKTHBEAEQN 24 - CREIND
2L b, T, BITRER S L TIE, ERITEE 0B LR R Y 2L b3 Nux 9785 11
5. LU, mESAICEL Tix, WIEHAZE ) AMEEAR T2 05T Tad (Wisok 48
BT 2) #HCERLFRO 22 HrRROERIIES L 2 b,

_ qinx
T runcy * 10 } (36)
® :(Tg“‘ To)/(Tad_ To)

2721, Told X0l B 2Rk L UBNEETH L,

70, N&, Qin BL OO X EDTIZIL, A, 1, To, Tw, yo, Qin DIEAWLEE & 70 2 Hiyk OB
£, INLOELZERKITHE L T TR 52 5, &M@ EE LT, to, tw, yo, A
ERICTAIMEET B, F72, 1, Qin 13EHE L THIRS , e 8, X 2 25T 5010 E PeRr

2% 3 ICHT . %3 i
HREUHEYDTE LD EDEDBY) ThE, = TR T
=0 Te=T, t0=100C R P =2000
x<0 g;m=0 (37) Yo=1.0m
¥=0,40: Tg= T

4 2 FRATRSR X AR

4.2 1 BRI AT S B 1IBE  WHREGR Qm—10°keal/m®h & L, fEBNHKO
SR « 2 2L 22280 Y HIROBEH R © 201212, KHHPRE (V= vo/2) i
B Oy,2 8L UY HIEMTEDREFHIEE O & x HFEICK LE 1312, BAFX 20 b i
Nux #[X 14128, 2 ZDFEETIE Qin #—F & LTwaizo, H5XiIcBwTTadiz« i

(125)



748 oL B R

SOT—E L% b,

a) BENH  BURIRE © AR E L B LRI SRR L ), e, VAR
DIRESA T FHAT 5, & AL DML EEE CGREE) ISECEEIZ B W THHE L T - T
Wb, B, BBEN T (0= 0) HEIZIE, RIIWNEREH MRS L DS, =~
OV EER DK & i AR TN AT OB A AT IRE ST L T 5,

ZORRP L OEDRSHED L% D, Thbb, BREKNRE, WRAE»LELLE,
EORSYEZ 2270 0 5 TR E BEALL 200 2 LB TH Y, EBIIRRDIREDH—{L
AR B E T A EAERN THE EFEZ LN G, 561, FEIREDRENE)—
BLURE (WBEE CE D EEPERENS) Dzoiid, RO MELL Y (1)
TARD BB Z R E T 54, BMFRTHREZRETS) L b, BERORKAEE BT
LULENHLZ Ehbird, —F, EBRED» LE~OBLERL % (L, RIKIREDE—{L

(MBI 2O EMEIERSNDG) 2R3 2ol2ld, BEROKHEL &S, TEDHEHTE
fLz#ETNITRWZ & bh» 5,

b) BRE BHBAZENFEOFECL ), NuxafmidEms RicL Twa, £72, 077

KEL L BI204, Nux BAGTREHSFEN TIHLIFE—-DELZRT, Thbb, NEEHISH Y,

X=0.0005

X=0.0050

0

Convection
only

0.25
0.5

0.2 F © mcy =kX1 0 0.1 0.2 0.30.4 0.5 ¢ 0.1 0.2 0.30.4 0.5
0 0 Y Y

[ 12 (b) B 12 (¢)
0 0.10.20.30.40.5
v

B 12(x) Y HAREDF (Qin=10%kcal/m*h)

(126)



FUS BAZSE DA 749

JAEBEEE AN S VB 72 X 2 X RO BRI O IR BE D BREDIRE L2 X RO TUH IR
IR % EREICIEIEL C, BAHEE2 T Y LEDH LI bh b,

1.4 g

0 0.001 0.002 0.003 0.004
X

13 A RERS L RAFHRE
(q=10°kcal/m?h)

10°

Nux

—

‘(O=D

10

(Convection only)

Lol J

0.2 0.3 0.5 1 2 3 56 x107?
X

14 B X v en# (q.=10%cal/m?h)

0.005

4. 2.2 APRBBEESTHLEHES HR
IWEH =10 1/m{(=1) &L, NHEHRER
RGO Y FROBRESH # K 15 (12,
FH P RER (Y = y0/2) DIBEQy, o BLIUY S
T O RA TFHHIRE 0, & X FENZT L IX 16
12, RETX v PR LT ICRY ., 2 ZOKMS
Tl din 2ZEEFT B2, HEXITBNT
F—n 0 »H—DmEEETg 2R L Twdb
T TlE v,

1.0T
2.2
@
® X=0.0025
0.8
¥=0.0005 q, =10"kcal/m’h
in
0.6
0.4
5
0.2 F 0
R
q,,.=10"keal/m’h
1.2 in 0 0.1 0.2 0.3 0.4 0.5
¥
X 15 1)
1.0 F 1.0 r
(o]
X=0.0050
0.8 0.8 b
10°
0.6 0.6 |
0.4 0.4t q, =10*keal/m’h
10°®
0.2 I 0.2
10°
108
SR S S T
0 0.1 0.20.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Y 4
15(a) Y HMIREST 15(¢)

(70:21.0)

(127)



750 B B R

L
h q;,=10°keal/m’h
\ n —_—

10% -

= 5 3
qin-lo kcal/m h

10% |

0 0.001 0.002 0.003 0.004 0.005
X 10k

16 Fels iy L RS TFHIEE (=1.0)

a)iBES T WNERHME 0w HINT 51200,
PR A RBGZED TS5 04 7% & 1), BESMAIE
Y IS T LM AR L, £72, SR < o T
LBz, MEBEZEEN 2%, RIKDEKITE ) i

17 BATX vt (ne=1.0)
QXKL b, WEFEHREDER Y & INEABI4E S LLRT
DHEBLNRBRZIZ L DB ZIT 22 b b, ZOKRE» L, EEFEKNEENE—b
WIINSAERBEF M T LA TR E LD,

b) BzE NERBESTEMT 5 & Nux 57 FHELL, #ic, PZowe 2B izE s
b, TORRENL, NERREND L SBEOBTTIE, L CICBR L IEMICIEEL LdF
BARENBN LB b nEEZLND,

1 1 1 1L I Ll 1]

5. #&

[l

RETlE, B BIGEOBUEMRYTIC Monte Carlo H:% v, [F—D%HEREE, Bk 4 -
THBHEE SEL ) 2EHRICEMT 254, (OREERT LORBELRE E SN HRES
DRELY L, WEIREEAOBREZELN, 72, ZONHIEE THE—2D LR
L7z, F 72, PATTARERE £ WESE B L M ) B ERRDTREN Y 2 B A D BMBZO T2
The, DEOBREREZML P E L2,

1) NEERENS—TENHE, BHBRIRE I AE % 512 DRKIEE T SR %

(128)



WA ERE DA 751

D, WICEAFWOERESRIE PRS2, 72, REMEEZOFEE» DL W4 (R
FRIRE /N2 WBE) 1203, BRI CMEABBRITOEE 2 ZITEENE T2 4
L5,

2) NBRAEL—EDNLHE, WHBMLENERNOFEIZ L) BATX v 2L # Nux D546
VR AR L, CPHEONGTER (BOIRINGRED) Ak E Lk Bicohn, RETEERE
MTlE, (2IER—o Nux s =9,

3) WHERRE D —EDEHE, NERRABIENT 51221, HRBEENF LI 7% |
), YABROIRESAAEFEEOMER %2589 & &bz, BRI ERIL L B EEE
DY 5,

4) BHERIRRE D —EDHE, WERAEIIEMT 2 & Nux o57F13 FHELT 5,

PE, BSBIREO R EIZ 31T 5 Monte Carlo i B/ B ik & A6 £ 1 L, bt
LENEE R, BLERZBN T2 LI04N, BROMBEIER LR, BH2 0T
22B®HN LN EETRL,

Wbz, RIFRIED SHEL W22 BERE TRy HERAE, dtiEEky
GBI E S OBEBIT OS2 H L k0 - R AREEESE IISHERICECHEL R
TKETH 5,

)

(REFN534E 5 H20 HZH)
X iy

1) 722 243, BEEX . BAEMSSHE, 36—200 (0845—10), 1719,

2) Howell, J. R. and Strile, M. K. : NASA TR R-220, (1965).

3) Hoth, fEILEE  MRome, 25—5 (48— 5), 17,

4) PEILEBE, A0, FEBE 12 B HAREES RO T A BERSUE, (IB50—5), 489,
5) Einstein, T. H. : NASA TR R-154, (1965). :

81 WHE2FEL 2 & E0EBATER
1.1 #EEEOFER, HEORERNEIRRICLNEZ N5,

247 (09)=5 (1.
DT, q WHREDBIENY ML, o REE, ¢ REETHL, B B LARFROBEEERL, —i&
AR R ETH ) EMED, LikioT, S0 FRERIEHEOEEC b L TR—ORE % B,

12 EHOFER EBHROEHFRITARIZL) 52505,

0BL = -7 (P+P+ 7 20t 7o (1. 2)
25T, DIDt=(3/at)+ q-V Th b, FIzthttif, PEHANE0ED, rddltEhic s - TETF 287> Y
NTHb, 72, PIBHFHICE2ESN, @3B d>TETRIEHT >V ATHY, BOBORRIC L RS
N, P, rac oL, —BUCNERIETH ), BMHTETHS,

szégﬂﬁm (

rar= o [Tnittsdu (72721, i#5D L 5 78,=0) (
T, cRBEEFOEE, IZRH®RE, dold LHRA, w3 iBICNT 2 HHRETHE 48, KEHFO I 5

1. 3)
1. 4)

(129)



752 o B R

BV BB TH B OB L 2N ET 575, T NRES ERAERL & Tk
BEBELLVCENSZETHL, Lid-T, EBHERICIIREC E2 HigbnTo
1.3 ZANNX—FER ZINX—-ofEREARRcLV 521615,
oBen —p.[(P+ PG+ P (¢t P g+ PP T)+ P gt Q (1. 5)
;_T, Pm BHAEREL ) D@ A LX—TRRIC L VREND, 72, VIREEE quiffosn®, T
li?mJﬁ, Qlimf‘[ﬁﬁéﬁg’(«%éo
=Unt 50"+ ¢+Us (1. 6)
ZIZT, UndNEZ AN X —, 2(1 I3EET AL X —, ¢ﬂif7‘//»vwlzwﬂe Thd, /2, U 3K
ITANF—FBETHY, KRCLHWREN, NI ALF—c B2 2ETH 2,

U= 20T0 (1. 7)
LZzdioT, 1.2 805 LRMBICEENKER L HET 2 &, W 2 ZE L 2 WBAIC L, HIE5HE T4
bERRBRRORE L EMT 52 LIS O HA 4 EEL 2 BANZ ALY —HBRIEL LD,

fHEk 2 ST BIRE O BAEMITIC N § 5 R BB A

S B ERF OEHEE 5 (frequency distribution) % MR (probability density function ) ~IE#HAL
(normalize) L, FE=RFHEICH W5 EMSHEK (comulative distribution function) %785,

2.1 BUHRIRIBERE B ROREEZEZ 5,

DBESH (0 o= [edle L, =05 VEME A RBRA =T, EEET AL EOBIBET O
EFED Le PR, A DEHTENEN T ANF—BRe .t h b, L2h-»T, BEKE () »k
FEEH AT B TR R N2 BEESH(DE2E L% 5

WIBAICIXIZEA EHE
vy,

flwo)d ro=e"%° A1, te, flr)=e " (2. 1)
i) HERWERE P FOIcEBILEBL, )%2HB5,

P(0=7(0/[ “fldr=e"" (2. 2)
111)?%5?*55@#{ R(7) KA LD KD D R()H0= R1ID—REEEIC BT 5,

R(1,)= f P(dr=1—e % e, R(r)=1—e°° (2. 3)

2.2 WHEHBHE () FHEAOERFELRET 2,
(AVRIES () Fim RIEMA A H 5 EHE (LA )2rsing,dn - DWTHEZ S,
P)BEST  f(n)

f(nodne=2xsinnadno ie., f(n)=2nsinn 4
i EEEERE P(r)

P(n)=£(n)/ [ "F(n)dn=sin /2 29
i) BB R(»)

R(p0)= f n)dn=(1—cos 70)/2 ie, R(n)=(l—cosn)/2 (2.6)

<B)ﬁm<z>m

RS F(0)

FE)dbo=dto ie. =1 @7
i) BAEEES (D)

PO=£0)[TF(0)de=1Px =8
i) RS R(C)

RG= [ P(OdE=tuf2e e, ROt/ 29

2.3 BETHES I Hm(BEE) ELEHE A RET 5,
(A)REA(p)HH SEEAICNL I~ oRKRBENEZERET 5,
iVEES f(n)
F(no)d n=2rsin n,co8 70d 70 ie, f(n)=2xsinycosy (2.10)
il ) AEREE B P(7n)

p(,}):f(”)/fjf(n)dr;zZsinncosn (2.11)

(130)



B BARE O 753

iii) AR R(n)

R(n‘,):fo P(n)dn=sin®n,  ie, R(n)=sin’y (2.12)
(B)FHEFH( L) A
# 2D TR F i & F—,

114k 3 Monte Carlo DK Bz E~ DB F ik
Nk, DPEHZEATZICHR N, BEROWMBWZFHICT L0, KRUBICTIBRI 21755,

2T,
Bgo:/l;<%—y—rg >—ru6p T Tdn } ( )
_ 97 _ 3.1
ng—"/l< ax )y:o g x1
+o0 _ —fl too K1
ng:/c{ i—”;z dz} ng:/c{f %l—— cosqsdz} } )
" - (3. 2
4o By +o  — KL
Pgw:{ﬁ ﬁz cos¢dz} wa:{ B %z— cosz¢dz}
R(3.1),(3.2) AV L AXR(2)BLUR(3)E2EDL HJ B LD TE S,
4/€Egg:fA4KEngg A“l‘fLEwagdx"'Bgo (3 3)
Ewa:fA4/CEngwdA+fLEwawdx+Bga (3 4)

2rEl, ARFERICH T 2 Ea R, L3S SV 8o BEICHNT 2 EsE R,

3 NFEHFo AL B 2R Z A5 5E)

W BZZIC N T 2 B AL L, ZAMBEE (o THOICE LB TH 2 & 21013, BERIT LERSEO
FHx & %2 7o Monte CarloE(FERIEC b2 FE)AHAV3Z 0 TE, ZHFEREIIREFE2LEE L
v, LarL, MEEO®RFREETCEIRHBEECHTE EBOKEIBILL v, Lich'-T,  3R(3.3),

BUHNBERBEABECLINHBE L T2, 20, BERKENFTEICH: 2 Monte Carloik TIFER D
BWHI AL E—ChH L 2R RN EBHT 20, BRHENFREZE LW ETE, Z0EZ LD
WA L 720HN #(Normal method) ¢ 3,

BOMPELTTS, T5%52 % L4k ES ESBLURB. 1) 5 BL, B Kb 5,272, R(3.2)» 5P %

K>, NEXRRIGTEETH v, Fn TR EXAR» KD 5,

4cEf=fadnE; " PiedA+ [ EL 7 Plgdx+ Bg? . (3. 5)
_ _ . (72721 nz21)
Ejo=fadcEf " PiydA+ fLEL ™ Phodx+ Bl (3. 6)
BHENEEISBERBEH T —EE L, KATEHFZ 5, 2L, NMRERHRHTH» 5,
S*"={f1Ewdx+ 14k EgdA}/N; (3. 7)
ZnrE, ZHTLIERY LHHINERIARENGNiZ KRN TEHE 2515,
N, =4xEi " dA/S”
8¢ K _g / } (3. 8)
NZ,=EZ;'dx/S™

3.2 DPE B(REFTEEh OB o A L ¥ —Z 2 B L 2 MEREE AV 3 HEE)
ks L UBEORFZHELARXNLIRC LB,
Coo=JadEgPygdA+ L EyPygdx } (3
Cuwo=1Jadx E¢ Pewd A+ [ Ey Puwdx
T, B ANX—BAE? L AET RN TEET 5,
AE£‘1:4/c£—?£’l—éf/cE£’2 } (3.10)
AE '=EZ '—E}?
NEIC BT 2E LESTTORDICAE; " AEL # v 22DPE#:  (Differential Emissive Power Emission
method) TH 2, n=1Tit, R(B.IONDAE" ' 25232 W TEL VDT, EEICEZ7E 0EDNS BN i
It oENCLE1HBS,
Clo=S a4k EgPggdA+ [ L ESP Y dx
Cho=l14x EEPigdA+ (L ELPhudx
n=2LIETIIAE * HWEHE 2T WCI% 2 EN L 512K, EFnirlE£2R0(3.12),(3.13) L N5,

. 9)

(131)



754 ol B R

Chy=Clo '+ JAANE; " PldA+ L AE} " Pledx (3.11a)

Clo=Ci '+ JaAANE; ' Phod A+ L AEL Piudx (3.11b)

4k EL=Cl+ B! (3.12)

EZo=Cihot+ Bis? (3.13)

22T, DPEE SN EOHME2RETT 5, R(3.11a) nCLIZEHT A E, CLEDENL I ICEEET S
ETED,

Cho=[4sAE; " Pld A+ AEL " Phgdx+ 4 AEE 77 P 'dA+ [LAES ™ Pugdx+-+
+IaANE; Po dA+ A EyPhgdit [ adk ES PigdA+ [ EG Plgdx

= adi (B} Pl —El 2 PL+Ef 2 P i —Ep 3 Pii e +EiPi— E¢PL + E2PLIdA
+ S [Ep ' Phe—E3 % Pig+ EL 72 Pig ' —EL™3 Plig ' 4 eeeeeees + EY Phe— EGPoe+ EgPLeldx (3.14)
I, BERBHERE L CEEL D 214, 24, DXOBEAHIT S L E, R(3.14)ER
Pr=pr-l=.... = p2=p! (3.15)
(3.16) t %5,
Ch=/4s4xE} " PledA+ [, E}™" Pledx (3.16)
InERGADICHRAT B LR EE, N«ffmwéﬂs S)tﬁ~t&é _
4k ERL=Ch+ Bl ' =fadx E} ' PldA+ [  EL ™ Plydx+ Bl (3.17)

72, AL ¢, REIDERBIBDEGETTRB.6)EF—2 %5 Z E2FEHEN S, 4k, DPE HRIZNE
DG T R X — DMIHEIC HB L 22 O R RO BT 2 ok L, M RER OB T AL X — o)
B 2 AR E BT 28BS, HrRT 22N = A X — 0B ED & 4 2 2 HRERH
DEMEIEETH ), ThicHFWEREBEIIEEEI NS,
DPE i Cit, HHRNBES 2RkRck V525,

S'={f,Eudx+fadnEgdA}/ Ny (72721, n=1) } (3.18)
Sn= 8771 [ Cf's (72721, n=z2, Cfsz=1) '
Thbb, REFE»ECICONT, BECHSICENS 2/ 8L, BEZ2EDDLIIENFTES, Z0LE, E

fﬁw%ﬂjéﬂéﬁ%fﬁﬁm KL D52 605,
N&=|AELYdA/S =4k|E; ' —EF?|dA/S™ ) Jl
7277L, n=2 3.19
no=|A Eps Hdx/S™=|Els' — Eo?| d/S™ (2L, n22) (3.19)

Tk, n=lHeBT BN, 8tk s et b,

3.3 EBN #(FARDEBEELOHENE, BHOBARME RO 2 HIE)

WAREF WA EECHET 2 BEREEVHEBENSE, BROBAMOFEIZ, WENDRESHLREL LK
T &N TES,

HEHT HMNERP (x,y) KEZLNBBFEREZR (3.8) v Lia (3.19) LNHHLN (xy) &T 5,
0<T<Tmaxﬂ)%llﬁ]'(']&m?ﬂ%fﬁ%*@ﬁ%]\/eﬁ(xZI)ET6k Neglx, )l kRIS LD Kb o5,

Ness(x,9) = —“T;— XN (x,y)=(1—e ™)X N(x,9) (3.20)
Imaxr AHRROIEFH# ZEL T, BET 2 8P(x,y) b BECHT 2 BREGIMET 2B 3 TOXF
DEREEZELIUTREV, 22T, Ner 2EMBHREE L, A% EBN# (Effective Bundle Number
methad) & & 35,

ZokE, H%Tﬁ@%fﬂjj‘ﬁiootl)m%ﬁﬂ)l_%ﬁﬁ&iN?f DPE?X&HLT%éb AT R ) IR e 5

TROENL KD D, ThbL, RESHBMR AR L), ORE) cEKDB ERG.2) B,
Rl:f e vde /f e Fdr=(1—e 91— ") (3.21)
r =—loge{l—(1—e ™*)X R,} (3.22)

FEEINES LUDPE Bl X T2 22 C&, DPEE+BH T2 2 ERANENICEBNEZHHT 5
&L 72k 2O KIFOBIRE O BIERENT IS BV TR RGGEIC BT 2 AR AN B g L 1/20082
o CHpT 52 e MHETH ), DPEHIC L 51/50/ 2 % & 512 iﬁf &5, Yibbh, WHBMEENE
E % DE T HEBANENTIZ, DPEEEB L UVEBNEAWEIL TS 2 RICHEP2T4 9 &, LT

(132)



F b BzE O IRAT 755
Monte CarloZH I RWEHEKMZUET LI o 2RIRREC L - LNEEZ LN TES, S 512, X

NBREEH DR D VRBROBENICH T 2 Monte CarloFEDBEIGIZ W TH - 7248, EBNZEIC LY, #0—BhiLiE
#34, Monte Carlo DBIEHFE LT >0 bneFE2Z L,

(133)






RUREEDW S AT %8

On the Loosening of Threaded Fastenings
Ken-ichi Saito

Abstract

The purpose of this paper is to explain the mechanisms of the loosening due to the rotation between -bolt
and nut which fasten two plates.

The conditions of the loosening depend on the ratio of the frictional torque on the threaded portion to that
between nut and plate.

The frictional torque depends on the coefficient of friction on the contacting surface and the diameter of
equivalent frictional circles.

To confirm experimentally the effect of these two factors, the loosening tests were carried out. These
experimental results agreed qualitatively to the theory.

Further, the experiments on the stability of frictional torque were carried out.

Based on these experimental results, the prediction method of the loosening occurrence was examined.

As a result, it seems that the method can predict fairly well the loosening occurrence compared with the
results of the loosening tests.
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A Study on Thermal Conductivity and Vapor Diffusion
in Frost Layer

Ikuo Tokura, Hakaru Saito
Koki Kishinami, Kazuo Muramoto

Abstract

In a refrigeration system, frost formation on a surface of heat exchanger often causes reduction of heat
transfer rate and increas of flow resistance of fluid flowing through the exchanger and is eventually bound to
an undesirable increase of power supplied to the system. Therefore, to study heat and vapor transfer in a
frost layer is very much important from the viewpoint of heat engineering practice.

The authors presented, in this report, new formulas to estimate the thermal conductivity and the diffusion
resistance factor in a frost layer, both of which have correlational effect not only on porosity- but also on
microscopic structure of ice crystal in the frost layer. The utilities of these formulas were examined by
comparing the experimentally determined rates of growth of frost layer and the predicted ones obtained based
on the formulas.
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K ;8fzE=l (K=keir/Kice) () o &R LH HIGHITE S TOMERE {(m)
S 3 (=) r  EERFRAOEE (m]
R &RL»oBEEES COEMR (m)

Re i RERNH 2B kg -m/kg’k] vy BEEOLEER (kg/m?)
T ;&F C) »n KEKOLEER (kg/m?}
Ts (FREREHEE cy ¢ EH (h)
Xo ;BB DMEREE (kg/kg)
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Utility and Limit of Liquid Flow Switching Device
Mitsuhisa Yamashita and Yuzuru Kubota

Abstract

Characteristic of a liquid flow device which switches a liquid jet into air is very different from a bistable
fluid amplifier which is usually used.

For example, liquid jet into air is more stable than into liquid. Because of this reason, the occurrence of the
attachment of the main jet to an adjacent wall is difficult. In order to make the attachment occur, we choose
the method of introducing the control flow that is the same liquid with a jet.

In this paper, effect on the occurrence of the attachment by the variables which describe a simplified
shape, and limit of each variable to make use of this type are indicated.
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Devices for Mathematical Ratiocination
Yoshio Kinokuniya*

Abstract
The principles of induction and reduction in the philosophical meaning are studied to give some important
devices for the objectivist foundations of mathematics. Some redundances of assumption are taken up to
promote estimation schemes. Finally, some relative events are discussed with a special view to the
methodological dualism.

0. Introduction

If we simply denote by E(p) the assembly of events which fulfil a property
p, it may not be other than a mere abstract designation. However, if there
factually 1s found a certain event e fulfilling p, then we may certainly have

¢ e E(p) (0.1)
and may be convinced that

E(p)* ¢.
In this case e is considered as an evidence for the fact (0.1), and E(p) as the
extension of {ef. This procedure of conception will generally underlie
mathematical analyses. If E(p) is proved to make a determinate set, it is
called the range of p.

Now we take up the procedure of ‘induction’, which may be defined as
follows : By @nduction is meant argument from the particular to the more
general concept.” According to this definition, the above-mentioned argu-
ment may be considered as an induction from {e} to E(p). The only problem
in here is to examine if Z(p) may be considered as a determinate set.

If an assembly L(p) is put to be such that only and all the events of L(p)
are capable of being examined on whether p is fulfilled by them or not, and if
L(p)is a (determinate) set, then L(p) is called the level of p and p is said to be
levelized by L(p). If L(p) and E(p) are both determinate, and if every ele-
ment of L(p)—E(p) does not fulfil p, then p is called an objectivist property. If
no fear of confusion, by ‘a property’ we mean an objectivist one.

If E(c)1s the total aggregate of events which are to be caused by a certain
cause ¢, then E{c) is also called the ramge of ¢ on condition that E(c¢) is
determinate. Induction and levelization too, are analogously argued about ¢ to
the case of a property. If an event e is considered to be caused by either one
of n causes ¢, ¢s, -, Cn, and if on examination we find that
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e€E(c) e NE (¢cm) (0.2)
while & E(Cmar)Jeeeeee UE(cn),
then the cause
Cm+1\/ ............ \/ Cﬂ

1s said to make a redundant part of causality for ¢. The argument which
concludes the part

Cl \/ ......... \/ Cm
to be sufficient to cause the event ¢ instead of
Cl \/ ......... \/ Cn

is considered as a reduction,

In logical calculus, if the clauses ‘Pabc’ and ‘~ Pxyz. A. Pyxz’ where p is a
predicate and x, y, z are unknown while ¢, b, ¢ are constants, are given as
premises, then it is concluded that ~Pbac. Such a procedure may also be
considered as a reduction.

1, Maximization
Given a property p concernig a set, if a set £ is found to fulfil p, £ is an
evidence for p, and thus, if we denote by E(p) the class of sets which fulfil p,
we apparently have
Ee E(p) (1.1)
and then we may be convinced that
E(p)+¢.
When a set £ fulfils the property p, we write
ECp,
which means the same thing with the relation (1.1). If for any two sets A, B
(in a certain universe) we élways have
ACB&BCp=ACph,
then p 1s a regressive property (of a set). Suppose that the property p is re-
gressive and that there 1s a family of sets M which satisfies the following
conditions :
(i) MCE(p);
(ii) A, BEM& A+B:=:ACB.V.BCA;
(iii) U(p)=UaemA.& U(p)CK.& Up)+ K:=. KT p.
Such a family M is called an increase completion in respect of p, and if U(p)
can be considered to be determinate as the sum?® of M, then p is said to be
maximizable in respect of p.
Now, following facts are provable :
(I) a regressive property p is not always maximizable ;
(II) even if p is maximizable, we do not always have

U(p)<p.
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(I) may be verified by the following counterexample. Let us define a property
p such that for any subset A of the closed interval [0,1)
ACp. = WA=0"
Then, if Ao= {0, 1} we certainly have A, C p, and we easily see that p is
regressive. Now suppose that p 1s maximizable and M is an increase com-
pletion in respect of p. Then it must be that
mU(p)*0, (1.2)
because : if m U(p)=0, then (0,1)—U(p)# ¢, so that we may take out a point
B € (0,1)—U(p) and define U, by
U= U(p)Uis
for which we apparently have
mU,=0.
Hence we see here the condition (iii) is not satisfied. On the other hand, for
any increasing sequence of sets (A,)(k=1, 2, ---) taken from the family M, we
have
ﬁAkZO,
hence (U Az)=0.
Thus, in the light of (1.2), we see that M cannot be a summable family?, so that
U(p) cannot be the sum of M. Consequently, p cannot be maximizable.
A counterexample verifying (II) will be shown at the end of the next sec-
tion.

2. Probabilist Unionization
If there is promised the one and only one ticket to be found as the winning
one among # tickets, and if the probability of winning is stipulated as to be
uniformly equal for every ticket to the same value p,, then we have
pn=L 2.1)
hence lim p.=0. ' (2.2)
However, if we leave the stipulation (2.1) unapplied and directly watch the
factual condition, it must utterly be essential that there exists the only one
winning ticket. So, let this one be the kth ticket. Then, the other tickets
which are not kth, must make up together the redundant part for the proba-
bility of winning. Thus the situation must be such that
palk)=1
and pa()=0 (G*k)
where p,(7) means the real probability of winning for the jth ticket (j=1,---, »).
There has been an argument that, in the light of the evaluation (2.2), we
may assert that no ticket would win in the limitless case ; which has been called

) # means the a priori measure which is a generalized extension of Lebesgue measure.
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the lottery paradox. However, we may say that the stipulation (2.1) should not
be so sophistically (or psychologically) treated as such. On such a procedure as
(2.1), the probability for a single individual will lose its significance but that it
is related to the others in a unionized way. In effect, since by (2.1) we always
have

npn=1,
the relation

lim np,=1
should also be maintained. So, we may assert that the total possibility of
winning is always equal to 1. Hence it must be denied that no ticket would
win.

Some similar situation to the above-mentioned is observed in the negation
of total additivity of a homogeneous probability measure. If for any two sets A
and B of rea]l numbers we have
P(X€A):P(XeB)=mA:wiB
on condition that both mA and mB are finite, then the aleatory variable X is
homogeneous and P.(X € A) is a homogeneous probability measure. In this
case, denoting as /=(—o0, o) and [,= {x| k—1<x <k}, we may easily see
that
P (Xel,)=0 for all #=1,2,--,
so that o
kZ‘IP’(XGI"): 0+1=P(Xel).
Thus, it has been asserted that the measure P, (X< A) cannot be totally
additive.
On this problem, parallel to the recognition that
PA(Xel)=1,
we must attach importance to the fact that the total accumulation of the events
Xel, (k=1,2)

must make an equivalence to the probability of the event

Xel
So then, we sould in any way interpolate the relation

1=UI (23)
in the argument. In this context the summands
PAX€l,) (k=12,")
should be considered as infinitesimal quantities to make up the total value 1 in
connection with (2.3). Hence, let us represent this constitution as
PXel)=(WZPAX L)

and call the right side a unionized sumwmation. Then, we will naturally have
the following relations to be asserted :

(i) (U)kéPr(XEIk):O and (u)g‘.1 Pr(Xel)=1 (n=1, 2,);
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(if) (u)}gpr(x €)= (y=12-) etc,

1
v
In the above case, if we define a property p such that

ACp.=.P(X € A)=0,
then p is regressive. Then, it can easily proved that p is maximizable but
U(p) &p ; which verifies the fact (II) shown in Sect. 1.

3. Redundance in Estimation

In case of the lottery problem, if every real number is a ticket index, and if

the ticket indexed by « is the one and only one winning ticket, then we have
pa=1,px=0(x+* ),

px being the probability of winning of the ticket indexed by x. So, the tickets

not indexed by ¢ will factually make up the redundant part of this lottery.

Such a redundance is called an ntrinsic redundance.

Conversely, when we do not know there is the one and only one winning
ticket, no other way than the homogeneous estimation is allowed, that is, we
can expect no other values than the same one for every p, Thus, p, must
necessarily be an infinitesimal quantity. So, if we write it as

Dx=0p,
the constitution of our estimation may be realized by introduction of the #u#i-
onized integration w
(u) __op=1

which may be defined analogously to the concept of the unionized summation.
In this context, the intrinsic redundance disappears, but we may say that there
instead is an mplicit redundance observed everywhere homogeneous.

In case of an estimation of some experimental trials, we may draw upon
another sort of redundance which grows up practically. For instance, in the
case of urn-sampling, if it is unquestionable that the urn contains exactly two
balls which are either white or black, then the following three cases are possi-
ble: (1) w,w ; 2)w,b: (3)b, b (w meaning a white ball and & a black one).
Suppose that we gain a sample by two times of drawing with replacement.
Then the sample will justly be either of the patterns (1), (2), and (3). If the
sample is (1), then the urn is possibly estimated to be either (1) or (2), so that the
case (3) makes the redundant part ; if the sample is (3), (2) and (3) are possible
and (1) is redundant ; and finally, if the sample is (2), the content of the urn is
exactly known to be (2) itself. Each redundance above-mentioned may be
considered as a sort of mformational redundance reduced by sampling.

Incidentally, redundance may be considered as an essential source of
theoretical noise. When an assumed object is not yet ascertined to be really
existent, it may at most give a theoretical noise, and if it is in fact inexistent it
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must be a redundance to the conception.

When we want to conjecture the cause of an event ¢, if it is unquestionable
that the cause is to be found among m causes ¢, ¢s, -+, cm We may refer to the
following formula due to T. Bayes :

P(cr)Ple,cr)

P(cre)=—
JZ;P(CJ)P(G,C]')

where P(c,, ¢) is the probability that ¢ is caused by c¢., P(e, ¢,) the probability
that ¢, causes e, and P(c,) is the a priori probability by which ¢, is to be
expected to occur. However, it is usually noted that the assignment of values
for P(c,) (k=1, 2, ---, m) may scarcely be decided with assurance. Then, the
authenticity of the formula is considered to be very faint. Thus being the
condition, it may be proposed that the principle of reduction suggested by (0.2)
1s preferable as a sounder one.

4, Methodological Dualism

In actual mathematical inquiries, there has existed a curious methodo-
logical dualism which is distinguished by the opposition between heuristic
precept and examinative principles®; which may be restated in a practical
sketch as follows : for an inquiry, to detect a solution is essentially a different
thing from having a demonstrative way to reach a solution. Such a gap be-
tween solutions and the demonstrative procedures to obtain them should be
eliminated somehow. - For this purpose, it seems firstly requisite to study into
the total aggregate of solutions of the given inquiry.

Given a special property p, if at least one event e is found fulfilling it, {e}
may possibly be extended to the locus of p

E(p)={a| a Cp}.

If £(p) is determinate, then it may certainly be considered as the range of p.
However, if E(p) is not allowed to be so, p itself cannot be considered as an
objectivist property. Thus being the condition, a simply assumed range E(p)
is essentially no more than a mere object abstracted in the annexed set theory?®.
So, in this situation, we may see a dualism between the given property p and
its objectivistness which is to be inspected by the examination of £(p) ; which
may eventually be taken as a dualism between p and E(p).

In the theory of operations (or mappings), we have a dualism more complex.
Given an operation f, firstly assume that there exists at least one pair of events
a and £ such that

B=f(a).
Then we may possibly suppose a (determinate) set A such that
(Vae A)f(a)exists),
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which is called a domain of f if the aggregate
FA)={8l 8= Ff(a),a€ A}
is also a set. In this case f(A) is certainly the range of f on the domain A.
Such being the condition, we see that the problem whether a given set A may
be thought as a domain of f simultaneously draws upon the problem whether a
set B may determinately exist as a range of f, that is B=/(A). So then we
may see a dualism between 4 and f(A).
The way starting from the set
Fleh={8ls=r(a)}
to obtain its extension
fA)Y={yly=rf(x),x € A},
necessitates not only the existence of y’s but also the existence of a (de-
terminate) universal set Y such that
(Fx)y=rf(x))>.ycY. (4.1)
Then, by taking the dualism, we may moreover have a universal set X to be
necessary such that
(Fy)x=f"y))=>xeX. (4.2)
So, we may say that y is bred by f through the condition (4.1), and inversely x
is bred by /™! through the condition (4.2).

If there is an ¢ such that f=/(e) &Y, then 8 must be but a fictitious object
fabricated against o. If we, notwithstanding the criticism, require the exis-
tence of such a B, it must be that we create a new element by 2. Of course,
such a 8 may not be expected to fit in with the proto-construction®(or the
present system of construction). Thus, on addition of the new element the
proto-construction will be revised and extented to a new system which may
comprehend g well together with the previous elements. After duch a re-
vision, the universe X too may possibly be changed. If it 1s to be such that
X=1Y, then the same new elements must be adjoined to both X and Y. A
good example of such a case is given by the adjunction of v —1 to the real
numbers.

If the set f(A) cannot exactly be determined though its existence cannot
be denied, then f(A) will possibly be considered as an undecidable object.

Mathematical Seminar of the Muroran Inst. Tch., Hokkaido
(Received Apr. 20, 1978)
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Several Further Extension Criteria

Kazuo IwaTA

Abstract

Influenced by Agnew-Morse 6), by modifying the recent work 29), the author furnishes several
further extension criteria.

Introduction. As abstracted above, the present investigation is continued from
the short note 29), etc. That is, in a word, in this paper, by means of the earlier [19),
Lemmas 1-4], various extension theorems such as of the Hahn-Banach, Krein's, Agnew-
Morse’s etc. are simultaneously generalized.

For such a sake, to tell the truth, the problems with which we are concerned here
amount to somewhat general setting (nevertheless the conclusions are not so com-
plicated). Besides, this time, some pairs of our results are given to overlap each other
respectively (see e.g. Theorem 1 and its Corollary 3). The reason is that the problems
of an Abelian semigroup of linear transformations are treated more circumstantially
than those of a semigroup of linear transformations.

For reference, it may safely be said that the present results are self-contained
except the Zorn's lemma. Partly for this reason, it appears to me that the viewpoint
[19), Lemmas 1-4] is somewhat suited to deal with these materials.

Preliminaries. Let E(+{0})denote a linear space over the real field R. Let
L denote a product linear space £ X R or topological product £ X R (R being endowed
with the usual topology) We need

DEFINITION 1. If on £ there is defined a binary relation “<” satisfying all postu-
lates in [19), Def. 1, c)] excepting perhaps 2) and 4), E is called a preordered linear
space with respect to “”. Convex cone C={c=0} is called the associated cone with
Preovdered linear topological space may be analogized.

@ ”»

< .

DEFINITION 2. a) Let.g be a gauge function on a subspace KCE. By § is meant
a gague function on K with g(y)=¢(—v) (v=K).

The set {(y, 7) : vEK, q(v)<p}CL, where g is a gauge function on K, is
briefly termed the “epigraph” of g. With this terminology :

b) Let f be a linear form on a subspace MCE. B/, stands for the epigraph of 7.

¢) C, is the epigraph of gauge function ¢ on K.

d) Cyc is the quasi-epigraph of gauge function ¢ with respect to C © Cee={(y,
n)  there exists ¢& C such that y+ c€ K with g(y+c¢)< »}. In this way, Cge={(¥,
) : there exists c& C such that y+c&€ K with g(y+c)<n}, ie, Cae={{y,7) :
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there exists ¢& C such that —y— cE K with g{ —y—¢)< p} ={(— v, 7 ): there exists
c& C such that y—ce K with g(y—c)< 5}

e) Cqes is the quasi-epigraph of gauge function g with respect to C and & (for
<, see Theorem 1 below) : Cqce={( y, 7). there exist ¢c€C and Ty, T, ", ThE &
(m is finite) such that y+cE K and—q(E Tulyv+c))<n}. Especially Coenn= Cac,
where [ is the identity map of £ to E.

Besides, for convenience, let the notations and terminology employed in 19), 23),
27), 28), and 29) be available.

Statement of the results. Slight modifications of the preceding [29), Theorem 1]
yield the following which includes the Agnew-Morse type extension theorems' etc.

THEOREM 1. Let E be a preovdered linear space with an associated cone C.  Let
K be a linear subspace of E, q a gauge function on K. Let M be a linear subspace of
E, f a linear form on M. Suppose that & is a semigroup of linear transformations on
E such that (WK)C K and g( T(y))< q(y) (& K) forall TES. In ovder that

(1.0) there exists an FE E* extending f and satisfying
(b) F(¥)<qly+c) whenever y+ cE€ K for cEC,
() F(TWw)=F(y) forallye K and T & &,
one of the following two conditions is necessary and sufficient :

(1.1)  There exists a tols. (L, #) such that
@) BrUCqeceT(L, #)",
i) (L, )" is absorbing at (0,1) for L.

(1.2)  There exists a convex absorbing set U in E such that By \J Cqce U (U x{1})
is positively independent in [, .

PrROOF. We treat the cyclic scheme (1. O):>(1 2)=(1. 1)=(. O) (1. O):>(1 2):
Hypothesis entails that F'(y )<F(y)+F(c)A-2‘.F( Tuly+c))= F(ZTu(y+c))

<5 q(Z Tu(y+c)) for y+cEK, yEE, c€C, TEZ, whereby CqceC Brfollows.
Hence BF U Cye is positively independent in L, whence one has U={xEE . F(x)
<1} as required. For (1.2)=>(1. 1), appeal to [27), Rem. 2] and {19), Lemma 1]. (1.1)
=(1.0) : Likewise as in the case of [27), Th. 1 (if” part)], anyway one obtains an
FIEE* such that extending f and satisfying Fl(y)g%i—q(gm] Tu(y+c)) (y+c
EK,y€E, cEC, TuE & m s finite). This impl ies (b) of (1. 0) is clear. For (¢), there-
with, in the light of Agnew-Morse [6), Lemma 2. 011" it follows that Fi( y—T())<
%261( T(y=TWN+THy—TWN++T™y—T(y )))—7”—61( T(y)—T™(y))
<L) +a(=) (y&€K, TEZL, m=1,2,++). This implies that Fi(y—T(»))
<0, and F\(y — T(y))=0 (replacing v with —y) which complete the proof.

t By this the author means Agnew-Morse [6), Lemma 2. 01] and Cotlar-Cignoli [24), [T, §2.1.5].
it Cf. also Larsen [22), Sec. 4. 3].
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COROLLARY 1. Let in particular K = E (in such case, in what follows, q is written
by p) tn Theorem 1. Then (1.2) ts reduced to
(1.2 BsUCpcs is positively independent in L .

ProoF. For the sufficiency, since CyceD Cq, one can take U={yEE . p(y)<
1} for (1.2).

In practice, conditions (1. 1), (1. 2), (1. 2) seem to be applicable. In fact, in view
of this, if we are concerned with Agnew-Morse [6), Lemma 2.01], our proof ' (that of
the “if” part of Corollary 2) runs as follows. This proof seems to somewhat simplify
the original. Before starting, we put the following lemma which is also needed in our
subsequent discussion.

LemMmA. Let C, K, q, & be as in Theovem 1. There holds
X M N
( ) %4<§1hi(afl(y1+Cl))>+7b~q(jglhj(az(yz+Cz))>
1 uy o, ,
>W4<§:1(hjhi(a’1(y1+61))+hihj(a'z(yz-f—Cz)))),

where h;, W;EF ; yi+c1, v+ C:EK ; ¢1, c2EC.

ProoF. This is easily read in the proof of [6), Lemma 2.01] or in the proof of [22),
Theorem 4.3.1].

COROLLARY 2. Let in particular K=EFE, C={0}, and f be invariant" in Theorem
1. Then (1. Q) is reduced to

(1.0Y (Agnew-Morse-Klee type condition™ ) There exists an FyE E* extending f
and satisfying both Fy(x)< p(x) (x€EE) and Fi(hihs(x))=Fi(hahi(x))
(hi,h. e ; x€E).

PROOF. Necessity of the condition is easily obtained. (Sufficiency) To begin
with, let x + @iy1 + @2y:=0 (a1,@2>0) for (x,E)EBy; (v1,71), (¥2,72) € Cpcy, Where

N
%Zﬁ (%hi(yl))< 71, %p( Zlh}(yz)) <y for by, ;& . Then, inview of the lemma
=1 Jj=
and the hypothesis, it follows that

£+ it o> F)+T 3 B (@t @) =f () +f(—x)=0.

To this end, generalize (*) by the induction. Therewith (1.2) follows which com-
pletes the proof.
Now, as prefaced before, if & is Abelian, Theorem 1 is specified as follows.

T But, for the fact Fi(gig:(x))=Fi(g:g:(x)) (g1,2: S H; x €E), we owe to them.
11 C is called invariant if T(c)EC for all c€C, TE & ;and a functional f on M is called invari-
ant if M is invariant and £(T(x))=f(x) whenever x&€M, TE ¥.
+11 This condition is introduced by referring to [6), Lemma 2.01] and [8), (2. 2) Theorem)].
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COROLLARY 3. Let tn particular & be an Abelian semigroup of linear transfor-
mations on £ in Theorem 1. Then (1.0) of Theorem 1 becomes equivalent to each of
the following conditions.

(1.3)  There exists a convex absorbing set U in E such that &+ 7 +1>0 whenever
x+v+u=0 for (x,&)EBys, (¥, 1) E Coce, uc U.

(1. 4" There exists a convex absorbing set V in E such that f(x)+7+1>0 when-
ever x =v—y for x&M, (v, 7)E Coce, vE V.

(1.5) (Anger-Lembcke type condition) There exists a convex absorbing set V in
E such that the set {f(x)+iq(2 Tu(y)): xEM, yEK, x+vE V +C,
T.EF, m is finite} 1s bounded below.

PrOOF. Now that & is commutative, by the lemma, Cqcy proves to be a convex
cone in L. Therefore the proof of (1.2)e(1. 3) parallels that of (4. 3)e(4. 4) of [29),
Th. 4]. Equating V to — U and U.to — V, (1. 3)o(1. 4) is easily verified. (1.4)=
(L.5): Let x+yE V4, say, x+y=v+cfor xEaM, yvEK, c&C,ve V. Thenin

m
view of x =9 —(y — ¢), it follows that f(x)+#5>—1 for iQ(; T(v)) (=8)<7,
Le Jf{x)+8= —1. (1.49<(1.5): Let the lower bound in question be —1 {(without
loss of generality). Let x =v—y for xEM, (y, 7)E Cqce (. €., there are cE(, n,

S.E & such as %q(éSu(y—{—c)) (=8)<p),ve V. Then in view of x +(v+¢)
1
€ V+C, it follows that f(x)+60>—1 implying f(x)+7+1>0.

ExXAMPLE 1 (Analogue of the Banach limit). Let £ be the partially ordered
linear space m X m endowed with the pointwise order, where s is the bounded
sequence space with zero element §. Let K be the linear subspace m x {8}, and let
g(y)=limp, for y=((71, 92, =+), (8))E K. Letting M be the linear subspace ¢ X
{8}, where ¢ is the convergent sequence space, let f(x)=lim & for x =((&,&,"),
(0))eM. Andlet ¥ ={T": T is the shift such that T(z)=((az, as, =), (B2, Bs,
o)) for z=(a1, @z, as, ), (B, B, B3, ))EE, n=1,2,--+}. Then in view of (1. 3)
we obtain an ['e E* satisfying (1. 0).

PrOOF. For short, sup{ai, @, *-, B1, Bz, -~} (resp. inf thereof) is written by supz
(resp. infz) for z=((as, az, **), (B, B2, - ))EE, besides ¢(v) (vEK), f(x)(xE
M) are written by limy, limx respectively. Taking U={uE E : supu<1}, let x+
v+u=0 for (x, £)= By, (v, 71)E Coce, u=S U. To this end, we have

1 >sup(—x—y)
> —inf(x+y)—infc (where c€EE", y+cEK)

T Cf. Remark 2 below.
it Cf [26), Theorem 3.4].
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>—inf(x+y+c¢)z—lim(x+(v+c))
= —limx —lim(y+¢)> — & —Tm (3 Tuly+))
>—&—7.
ExAMPLE 2. In Example 1, let #be replaced by &' ={T : T(z)=(r1, 72, ),
(51, Oz, )), where z= ((a1, a2, ), (,81,32, --+)) for which (7’1, 72, ), (81, Oe, =)
are resp. some (depending on 7") subsequences of (a1, @z, *-*), (B1, Bz, =++)} (. e, &

(D) is not Abelian). Then, notwithstanding (1. 3) remains true, (1. 0) fails to follow.
This is made out by the fact that (1. 2) is impossible (Cqc/ itself is positively dependent).

COROLLARY 4. If K=E in Corollary 3, the condition (1.3) (accordingly, so are
also (1. 1), (1.2), (1. 4), (1.5)) s reduced to

1.3y flx)< —}ﬁp(gﬁ Tu(x+c)) holds, where xEM, cEC, ToE £ m is
finite.
PrROOF. Now that Cpee is a convex cone in L, in effect (1. 3)’ proves to be equiva-

lent to (1. 2). (Naturally, the alternative direct proof can be made.)
As an application

COROLLARY 5. Letting in particular K=E; f, p both invariant, f(x)<p(x)
(xeM), and p(—c)<0 (cE C) in Corollary 3, Cotlar-Cignoli [24), 1II, §2.1.5] «a
Jortiori follows.

ProOF. By hypothesis, it follows that f(x)g%p(% Tu(x)) —%p(i Tu(—c))

<%p(%Tﬂ(x)+ﬁTp(c)) ziz)(ﬁ Tu(x+c)) (xEM, cEC, TEZ) (f the
invariance of C is assumed, it is immediate from f(x) <p(x+c¢) (xEM, cEC))
which completes the proof.

For reference, the following is easily seen.

COROLLARY 6. Suppose that F is a set of linear transformations of E into E. Taking
k
Z={I}, C={XTw:: T:.€7,y:€E, k is finite}, Corollary 4 coincides with Klee
[8), (2. 1) Lemma).

Returning to the subject, we add the following remarks.

REMARK 1. In Corollary 3, invariances of C and f are not assumed. But the
linearity of K thereof can not be dropped (of course, if #¥={J}, any proper pointed
convex cone K may be applicable), i. e., otherwise none of (1. 1)-(1.5) necessarily
implies (1. 0). To see this, let £ be the [, space with /; norm |-, and let C={0}.
Let KCFE be the pointed convex cone generated by g =(—1, — 9T --+) and let
gv)=|yl (vEK). Let MCE be the linear subspace generated by {g} and let
Flaa)=—2a. Andlet Z={T": T((&, &, &5, )= (£s, &, ) for (&, &, &,
- )EE, n=1,2,-}. This answers the question, i. e., this satisfies (1. 3) but not 1.0)
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(c) (a priori).

REMARK 2. Shifting the courses, there are two alternative ways to settle Corollary
3. One is concerned with the course (1. 0)<(1. 4), and the other is so with (1. 0)e(1. 5)
(to the purpose, (1. 2)<(1. 1) holds directly).

SKETCH OF THE PROOF OF (1. 0)<(1. 4). Since (1. 4) is rephrased by

(L. 4)* there exists a convex absorbing set V is E such that — f(x)+ & <1 when-
ever (x, &')=(v,0)—(y,7) for (%, EYEM X R, (v, 7)E Cqce, vE V,

under L with Cycg, observe o (M X R)* defined by ¢(x, £)=—f(x)+&. Ne-
cessity) Via (1. 4)*, the “only if” part of the Bauer-Namioka theorem! answers the
purpose. (Sufficiency) Let (x, E’):(%, 8)—(y,7) for (x,EYEMXR, (y, 7)<
Cacz, vEV, |8]< l Then in view of (2x, 268" —=28)=(v,0)—(2y,279), (2y,29)e
Cacy, it follows that — f(2x)+2&"—28 <1 vielding — f(x)+£&'<1. Therewith the
“if” part of the theorem cited (cf. Cycy® ) leads up to the conclusion.

PROOF OF (1. 0)&(1.5). By use of the new gauge § defined" by
i) =inf{Lg(BTu)) : TuE £ m s finite} (yEK),

the assertion (1)<(9) of Anger-Lembcke [26), Theorem 3. 4] answers the purpose. Indeed
the said conditions (1) and (9) with respect to ¢ are respectively equivalent to (1. 0)""
and (1. 5).

REMARK 3. Replacing E, FEE™*, U, etc. by preordered linear topological space
E, FEE’, 0-neighbourhood U, etc. respectively, we can state and prove the topolo-
gical version of Theorem 1 (we call this Theorem 2 corresponding to [29), Th. 2]). The
details are omitted.

We close this note with the following criterion. Non-Abelian version, non- topolo-
gical version etc. thereof may be realized without difficulty.

CRITERION. Let E be a linear topological space. Let I, ] be disjoint index sets
with A=1U J#0. For each AE A, let Cibe a pointed convex cone in E, K, a linear
subspace of E, and q, a gauge function on K,. Let M be a linear subspace of E, f a
linear form on M. Suppose that & is an Abelian semigroup of linear transformations
on E such that T(K:)C Ky and u( T(y)<qu(y) (vERK)for adl TEZL, A€ A. In
order that

(4.0) there exists an FEE’ extending f and satisfying all of
@ —qgdy—c)<F(y) whenever y—cEK,(cEC;) for i1,

T By this we here quote [16), (V, 5. 4)].
Tt K being a subspace of E, the gauge § is well-defined.
111 For this we owe to Cotlar-Cignoli [24), 111, 1. 2].
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(b) F(y)<gdy+c) whenever y+c<K; (cEC;) for j< ],
(c) FY( T(y))zF(y)fordllyE}g/{ﬁ, TEZ,

one of the following five conditions is necessary and sufficient, where §,(y)=inf {;}Z—cp
(2 Tu(v)) : TuE & m is fiuite) (yE K, for each A€ A.

(4.1) Replace ha(ASTU J) by GA(AE A) in (4.2) of [29), Th. 4],

(4.2) Replace so in (4.3) op. cit.

(4.3) Replace so in (4. 4) op. cit.

(4. 8)* (Bauer-Namioka type condition) There exists a convex 0-neighbourhood V
n'E such that — f(x)+ & <1 whenever (x, £')=(v, 0)— 2 N( — Yy, )
Vel n

=2 (o, m) for (x, EYEMX R, (~yv, 1)E Caver, (VEINN), (v,
1)ECoew (WEJNN), vEV, where N in any finite subset of /.

(4.5) (Anger—Lembcke type conditiont) There exists a convex O-neighbourhood V
n E such that the set { f(x)+ ZNq‘,,(yU) P x&EM, N is any finite subset of

A, wEK (VEN), x—3 "y, +3 p.EV+X C) is bounded
below. velnN veJaN veEN

PrOOF. In fact, the sets Céc, (=Cac.) (i€1), Corc; (FEJ) coincide with
Caiciz, Cascse Tespectively. So that the proofs of (4. 0)=(4. 2)=(4. 1)=(4. 0) and of
(4. 2)o(4. 4. 4)* (4. 5) are given mutatis mutandis from those of Theorem 1 and
Corollary 3*(cf. the proof of [29), Th. 4]).

To prove (4. 0)e(4. 4) directly, we employ the generated convex cone :

ol )1 coes).

and apply the Bauer-Namiocka theorem.
The analogue of Anger-Lembcke [26), Theorem 6. 3] also proves (4. 0)&(4. 5).

(Received May 18, 1978)
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On the Cutting Mechanism of bce Metal Single Crystals
Hidemi Yamamura and Kazuyuki Kikuchi

Abstract

Many works have been done on the cutting mechanism of polycrystalline metals, but a few works were
reported on the cutting mechanism of single crystal which involved plastic anisotropies due to the crystal
structures and orientations.

To investigate the influence of crystal orientations on the cutting forces and the chip formations, Fe— 3
1/2% Si alloy single crystal was cut two dimensionally. The cutting forces and the shear angles were deter-
mined as a function of the angle (8) abcut the normal to the side plane. For the crystal orientations with the
maximum and minimum cutting forces, the distributions of cystal rotation angles and slip traces in the shear
zones were observed. The slip mechanism in the cutting process is discussed, and following results are
obtained.

1. The cutting forces change periodically with the angle 4, but they invert the phase with the shear angles
The maximum value in the force (A) is about 4 times that of the minimum (B).

2. The ¢— (B—a) relationship is out of the solution by Merchant or Lee~Shaffer.

3. In the case of (A), the narrow plastic zone agrees well to the simple shear model.

4, No quantitative relation is obtained between the rotational angle and the displacement and the stress,
containing the distribution and the magnitude of them.
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FHAESARICBE L CEREIEE L 2256, UHHEIZBIE L, SAMA, &6, 0 TAFLE
L7z, WHEEMORKES L Us/MEZ R L 2 A DWW T, SAMBBIC BT 585
B, TNDBRPEEL, UBBRENT RO EELHREL, KoBREL,

1. IHEESUIE RS 0 & & LI AMIMICZ L L, wAKAIRR 20 TR T 5, YIRIHK

Al (A) BF0R/AME (B) D4 THS,

2. ¢—(B—a) DEAfRIZ Merchant, Lee—Shaffer »UIEI FEROBOFHENICIIFEL &

Vg

(179)



802 WAt 35 - T2

. (A) D%E, CAMBEBIZFERICHK, BHTAMRRE L—%T 5,
. AEGEEA LA, UTAORMICE, 205, KEL 2 EH TERNTERIZFELA

1. ¥

ot

ki EBUENC BV TERI NS BHEIIME ETEREE. U0 AR LWz k, TEE
BALL WX Y Th D, JNLDEEIZ DWTHEY LB OBEIE, TEMOBEREL Y
PEOTCECOMRVBLENTEY, SHEHEBMEHIN T 2 HIBEIH L 2ICENTET
Wa, Lo Laris, RBEVHEEL RETBEE 270, MREFEINTY, Bh e sF
BL, HEEEOMHE, FRREETMOERICL->TELIBHERFEL L LI LRI
LinwkoicBbnsg,

bz h s bee, fec &BHIEERIZ DO THEMEDE & VIRIME 2 B 5 129,
bee #E ) Fe-Si 435 L Uicc & Al 2 Fno Bl & 8iEM & L COETI %47 -
2VB R, MRGMOMEIC L) WA, UIHIEORKE, SEoomREs bickE
REREPRTIE Db oT, 72, W TEEBOBEY 5, 20w L 2 WHKE D R i
HEFEATRL N 2HRNEOY N { THERE T 2RERFAE, SHEMETY 5 VHEOUHE]
CALNDEAMBOYN ( TEERT IR AMEDITFET LI LE2HEDH TN L, S 61T,
[ — 4T MEHEI I RS A L T L CELL,  EFEMER, mIEEEL k&
CBRLBZEERLI,

Z O T, Fe-Si ARk Z H T, B2 WA 2 Ry R e D» T, B
W, REFHL TN, UHEREROEMIC L v FEy P ORREDBE T 72,
FORERIZH EDE, BARAMU T AEED G LR EES & OBREB{LZ ik,
CIHIIN Lo MR RIETERERE I D TRET 20 2 72,

2. % B F &

BiElA & L ToBEESRHIE— 1 IR -1 {LEHERW %)
LSRR D R 2 v 72, HAS S & 1R
TAHEAMES DRE»AREL, TELL
T e Lwy, YHIMIIC BT 5
TRUEARET A oRMES 1.2mm L L, FEFIZHE- TES 180mm, #E 20 mm
D L, ZoEHE DWW TOF &8k & ) HRER 2 Bl L, SBHEOmE A HEY
ETBHNE £ 5 DEE T—ET 2 L0 5EHR L2, W— Liz#E R, K—2i28 80
EHAL % T,

Si C S P Mn Al

3.18 0.008 { 0.003} 0.002| <0.01| 0.002
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bee &8 Bk S D YIEI#RSE - DT 803

{120} ®

' le—30 —>
00l 0l s /
®— 2 $%§§‘E§Kﬂ@ﬁﬁ1ﬁ —3 éﬁﬁﬂ%C:B!fZDwﬁuﬁm

YIEHEPIOBIEIR, 12101 BoRM2R—3cRT L Jic 00> FmE Y 472707
5 2.5 T ORBHEERICE L UEREEI L P LBEE ZRTWHIT 22 k- T
1T 72, VI L4, YIBIRENEEBRADEE2 L (T 572, YIHLEE 100 mm/
min, YIiAA40.10mm & L, YEI CERE#EEM TR SKH-4 2w, $ < vwAa=—10°, 0°
15°, 307, BiFme” x Lz, WENCIZ7 74 2850 2R L 72, YIEBEH O BIE I 5
D TENETRHWT, F0, BN SO 2SI O TT2 72,

BR, TADUIEHER £ R T FERH IOV TIYIAA E 0.40 mm & BA S, EFIREIC
FEL A TRELSE, UHIBEOERZ LY BEMESRE, MM EoR&EEC L) IR
L7z, b, UhAAH0.10mm 75 0. 40mm {2k 722 &1 & D UIEPREIE L L 7w
T OMRL L ERTNEETA 70 2y FEy bERICEINVEREL, BEOBEL
FrEv rEICE 2,

FANEAEICBIT 20T ARE LFHROMEANEILE BEEBIICA LD, FRATA
W7 O 9" & DA & 3K e % 72 sb visioplasticly J:C & BT E AT - 72, B 100> M & BRI
TREL, 2N 2REA onElEr L, YIHENOR/S (=112.5°), &Kk (6=157.5") ¥ % 5
B HAM A 1.2X20X30mm (28] ) B L, FOREHEIZ=112 503 A EERE=0.05
mm, #HE#RER=0.06 mm, 6=157.5’DHEHHRM=0.08 mm, #MHEHFE=0.16 mm DK
#H# L, UIHIEE 100 mm/min, § < WA 30°, WhiAA 0.40 mm TIIRITHIHIL 72,

’

3. ERBERBIUEE

3—1 IHIERNZEE
F—2, 3, 4, SIZUHEMEN, WY K FTESOBIEMR L 21Uz &0 CUHIEEICE S
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K2 ¢=30"12 8B BFp,Fots,d, 15,050,870 R—3 a=15"12 BT % Fr, Fot 5,4, 75,05,1,8, r NME
6 uzr 36.5° | 59° {81.5° | 104° {126.5°| 149" [171.5° 61 14° |36.5°| 59° 81.5°J 104> ]126.5°| 149° | 171.5
{7;? 12.76| 24.86| 27.06] 42.90| 16.72] 22.22| 42.9G 37.18 Fr| 23.76] 31.46] 38.94| 50.38] 22.44| 29.48| 56.10| 56.10
Fo| 6.15) 8.40| 8.40) 14.70] 6.90] 9.45 7.80] 9.75 F, | 15.75| 16.35| 17.70! 25.35| 12.30] 15.60| 25.35| 24.00
fe 1 0.158| 0.158] 0.164} 0.305| 0.141} 0.148] 0.360 0.351 £, | 0.181] 0.183] 0.208| 0.465! 0.158| 0.181| 0.445| 0.496
jf,g 40° 46" (40°46' (397 11" |19° 48’ [45° 46" [43° 35’ |16° 29" |16° 58" ¢ 132749 |32°27 |28°46' 113°07 |37° 10’ |32° 49 |13° 23 |11° 58
kgf 30.72( 72.56] 82.49| 99.98| 40.18| 54.98| 92.13| 79.57 z | 29.40| 79.53(102.76| 81.94; 52.63| 73.66| 93.80} 86.08
0.
k{ 70.68/122.94]124.35| 80.16]100.41{127.18| 46.53| 49.10 o2 {117.98]137.35|137.30] 68.34|117.56(131.35| 72.43| 60.53
# | 1.47) 1.12| 1.08{ 1.00| 1.30] 1.33| 0.87] 0.99 « | 1.13/ 0.915| 0.82| 0.89| 0.96| 0.93| 0.82] 079
ﬁg 55° 47 |48°15' [47°13' |45°00" |52° 26’ [54°04' |41° 02" |44° 43’ £ 48730 |42°28' |39°22' 41°41' [43° 50 |42°56' |39° 22" |38° 19’
r | 1.35] 1.35/ 1.39] 2.60| 1.26] 1.29] 3.14| 3.05 | 1.87| 1.89| 2.07| 4.26| 1.73| 1.87| 4.18| 4.67
R—4 a=0" 2B 5 Fr, FeM i E£-5 ¢=—10° 1287 B Fp, Fofl
g . J ol . f o o, e .
14° |36.5° | 59° |81.5° | 104> |126.5°| 149" {171.5 14° | 36.5°| 59° | &1.5°| 104 }|126.5°| 149° |171.5
Fp | 86.24| 73.04] 61.60] 80.52| 42.24| 36.96| 61.60] 76.64 Fr| 87.12| 66.88| 84.48] 66.00| 36.96| 49.28| 69.52| 55.44
Fo | 50.10] 45.00{ 35.70| 36.30/ 27.60| 24.90, 30.60| 35.40 Fo | 58.20| 43.20| 47.40| 33.00| 28.20| 38.40| 37.20| 31.80
e’ﬁﬂﬁ Ts, Us,%ﬁﬁﬁ%k?’k%bi()ﬁ }J‘jj (kg)
Fp, Fo: YIHETR O SN B L U205 (ke) P AR o= 25
te; WY < FES (mm) B3 vV EERA (deg)
¢ AWM (deg) Y AR A
? I
) 60
3
i
(xg)
50 |0 / ’)\ \
40 /// \ //\

\

\

A
-

0O voke e 30"
Al Yo angle 15°
10 }
0 225 45 675 90 125 135 1575 ®0  HRA©
(00t) (om) (010} (o11) ol]  wwzm.

B—4 YHEEERESTTNEL
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1 |

805

N

30

)N
@\

20

\

=
0: vakelangle 307
4 rakelangle. 15°

Y

|

(001}

225 45 675 90 12,5 135
(o (010) (011

M—5 ABHEAL

1575

180
(001

HHE ¢
TOHIBT,

20

-—Hp

0
001

22.5
on

|
45 6

75 90 12s 135
010 on

E—6 wAWIGH, EHEICHOEL
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TrHEATRLI, H— 410388 0ICT 2 WHHEMOELEZRT, NEVHLA2L L)
12, WEHESES 7713 01k U BIARIC B L, Sk & A MKTESE 2R L TH ), TOERKIE
FE/MED AERETH L, 72, BUAEEBRD ZEHJESEOUEIENZ, RROFEFEICD
Wbod, RNKEDCHRBETH -7, T M a 2BIERLHBA, aep/hEL BT Ld
WATHHETI A AT 5 DI SRR OG A CFETH b H5, FOLENKEIZ doEfbiz s L
TWEEL, FORAMPINLNICLA I8 EALRETHA Y, 0=22.5, 112.5 Thr/IME,
ZOPHTRKEER KL 72,

K—5, 6IZHAMA B LUTAMES, BEERTOEILETRT, IroBHoi L )iz
INHLOBIZERAE ICEI D RECEHL T2, YHEIEMBRARZ RT JICBWTHAKA ¢
BHRMEE ), TR EIZSICYEERR N 2R T 0 TRKEEZ AL, ¢ DELFRIZ T AD
KRECHBIZERE D,

7 iz A WA ¢ & (p— 50 .
ok
@) (B WHEEER) O TP N> ’
fRERLZ, AME—A8R 9 . 0%
M o
{3 Merchant &> 4 Hil 525 ; V.Lo .
" 0= 14
2 ¢+B—a=90" & Lee—Sha- & .
£} \ restriction

ffer DY HRER ; pt+p—a ; 30 . by Hill5 theoren.
=45" AN B2 7('7 H N '

45" oL, BHEERZ 3 \%&MN
D ®B OB L L THED CIDBIERLLY T o S prB R I

B . _ . 20

DR AR T, BIE
fElZZ o DYEIHFERB & /

B N 6=149 o-815°
UHFAEHE» TN T 5 101 o=|715" A
W, QT X—F— | THEE ‘ "4%

restriction by ./

BT 5, YHBER O/ B mass continudty.
413 Merchant Do 1l 0 10 20 30 40 50

OHBM. (8- , Cdeg)
HHICH ), KedHEIEL

BOFEROTEICHEL T

W, ZTOZERPLY) CTERDEMREHRE L Tk (B—o) OBBRERDLE I T2
&, BHBMEHZBCTIWEI LM E EFMEMOBFREZBE L2z L2 BRI s 2
W Wb b,

X—8, 91z 6=112.5, 157.57 12 BT 2T~ o trace LEMOGH %5172, bec &8
I 3EHEORRN L TRV EIFAET L EPMLN TS, M—8 TIERL -2~ 0 &
H2REHBE I N D2, BROEATYBOFHEREYY)  FTEBICES L Tw2 L8

B—17 ¢& (B—a) DEMR
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bee 4/ 4 5 o WA= D\ T 807

@1 < FickT &M (XT75) O FERCENTT O |H B2 D (X37.5)

OBEMIE Y Mzl b3 vE (DFTIHIE (= £ 2+ D g (XT75)
RN B ARRE (X75)

(OFET~NDHHLA (X157) (DRYIFIE ST 530 (XT5)

8 6=112.5"12B1F A ¢~ LiEfhr
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Xy (X100) B (a4 BAEIBUC B BTN R AL (X37.5)
T (BofEis) 13 Ho@ v 2Ry

()RGIHIEIZE L B304 (X37.5) (OYIEIENZ 4 L % wavy slip » “&E3~Y (X37.5)

9 6=157.5" 2B BT~ SEAL
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bee 4B HLEE SO VISR - DWW T 809

bbb, 2N ZBIRDBAT ) BUZONTEDHREBIE L 728458, 6=112.5 iz {110}
HThbdIEDbhrot, TN kb 6=112.5 BTt {110} o EEN % w
L, ZNUSAOTNDEIEZY Y ( THEBRBEBICES L T hweEZ 65, 2, 6=157.5
NEd, 2, 3EWHOTNYEPRR, SHEL TREENHS THE LI L), FN6D
TNMIE (1100 BLU {112} WTHBI erbro7z, 2HE DYEEERO KR WA
BREE5 T 2T XDICHECEREITEYT, R—90 58 ohhk ) I0EML TN gL

@

Qw

. Tool
@ @ @ ®

e @‘0®

direclion of cutting.

BM—10 6=112.5" (2 BT 5 A MERE O S0

direclion of cutting.

H

B—11 6=157 5 2 BT 3¢ A WL O R &R
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LTw5

fFﬂfiB’JCC@JEjI HESLZ R L 2R D O R EE 2 2 L 72, K—10, 1112 6=112.5",
157 57281t 2 matrix 2&dE X L 2EROBEEZ R 72, YVHNZ BT 280 7 AEREEI
BUHEEBETH Y, ZoEEESE, TCWm2 LU0 TR 5 F Tlakkitmizid
HAME TOERIC L 2EEEOMMKEEIZ AT L rEdd v e lREL, ERIyTIN)ER
TOHABRINT Y 2479 20, UHEE T bt {2101 Hom@EaIcBEy 20ERz %5 &
FEZThv, B—10 EF—11 » & LET 2 S OEHEEI O K E WA, KW-EIEHEETTIC T
BiEAkE o TR B2 Edbh b, DIkt b b 6=157.5 1= 54 T EEL 7T~ 1)
DAL bz L9, 72, =157.5 DFA, HREOEDEE L Z2D5HIIEL DL LD
HAbNb, ZOZEIIHETET AN FEICELL TVwEZEE2RLTWEEEZ LILE,
P EOBEIES & CBREHERD S UHIER OB 2 R T O LA W L » T ZEh R

T hizhErEZTAL, bec BBOT~NEIE, {110+, {1124, {1231 W 3METH
b, REBZHOWEIES R TH 2 0=112.5 TEWH { FEEEEIZIE {110 DabpE

B, F2UEIEEARTH B 6=157.5 TG T 2+~ cBRE»Z L <, {110) B L
{112} HEAFERERS L, ZoEERESERTHL I EEWEL 2L,

ERICEET 23N RVBEMTHNETH 51T L, FORDIEEOERMEHTE , YHEES
RV ERITEIL { 2101 BT, WY < TAEREEICES T AT mizEL LT {1101
ETh5, {UO%Emﬁwo%iﬁﬁ%é%méalzﬁﬁfﬁﬁéﬂ EIPAEIES e Y=

NRELE—ETHDINT, T NEENEZEF6HOTXYEICL > TDEEE L, 0 &,
TN BIEOMREIZ DWTOEN L HIZFH 2 5,

TN ED TN BRI RIE RO I b, YHIG M2 ERMEGmE A% L7228
A, UBEIHE & 6 o {110 MO L THEO=45 DEEFHIIBEIbLELLND,
ZTOEARERME LS {110t Bokd, REAEERCETIAETH L, F2,
0" <O <90 D#iFIz2 2L o {110 EAHERET 2 & 5, 0=45 513 THEEAT
ZOTRY)FOEEE S EHPE L, DECUHHEICEE . FHEC BT 2 e {1104 @
DEBIERE L THOKRNI L > THRETLZEEZ LN, 2D E EZFERIE0=45"12800¢

JcliEr B I T EEZLNS,

0" <O <907z {110} WA —2 Ll vE&3ZEm {110} @22 eI (E
SHL, YIHESHIE RS B, 07 <0 <900z {110} WABEEL ZWad, {1121,
1123 W% EOMOT N EAT NN IZBE LA, 2ETN) Sr 52 LUHEE 2K E
Kb bEZLND,

M—12 13k A~ b 2 Bl CORRAYIC R L 22BN 5 6=112.5°, 6=157.5" D
B HIBTHh 5, %72, K—13 12 cube # Fw 72 BUIFIH AN AT 202 0 {110 | HOME %

(188)
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G
737

s
a;\\"ZV
&
13
éé\
W

)
4

4 ‘ {120y

B—12 H bz s aE5m M—13 @EIFmRE {110} @OkE

Y, Eibo®Ez 7o L D YIHREIOEE & LT ICET L 72,

i, 6=112.5 os 00 <0 <90 IfHFET S {1104 miz (011), (I01), (101) » 3
BHTH LS, o5 b (101, (101) ZHERMIEEEY L EES ¢k ELC, X012
BLw, ez Eg Lz LTy sideflow 2B VEREEZ 55, 72, (011) HE4)
B 2§ ARG 22.5°+45°=67 .5 & ¢ ), (011) MIAMEIEANC T LIEHEFIE /NS < 7
b, FNW A AMIELEE TIX 67.5°—45"=22. 5721 st A mic K& RlE L Z2iFnidc s %
W, ZOZ EIER—11IC B B8 A KRS ToO R REES 207 & L BT 5,

ii. 6=157.5 %A 07 <O <90 IcHH {110} miE, (01T), (101), (I01) » 3#&
WHhHap, Zonsn (101), (101) mEiEARHEIE LMD S DEE S KRE (, 2227008
Zofr LTy sideflow E %2 THS T, FNOITRER T EIZ (01T) BOATH D,
ZOEDOYIE S ISR T A X2 0=67.5+90°+45—180"=22.5" L & 1), 6=112.5 D4
ERBET RO B v #ERICE ), -1 o REERIIEB T E v,

LRV FmEERME LB & L2EZFTIRUEIES AL 2354 BB 23 TE
W, FZTTCVWHICEEY FMFEEMESME L TR L T4 5, 0=112.5" TiE, 0° <
0 < U »#FIz (011), (T01), (101) ® 3MEEHIHFAET 5, D5 5L (101), (101) i
OB L) A& (011) ErBEM LT eBITeEzLNE, 3T, (011) |
CEBEMEH AN L TAIE 0=45"~— (30°—22.5") =37.5" & e DigWERES L 5, YIHEN
PRANELBEEZ LIS,

DOEIZ 4=157.5 T2 0°< © < 90" D&z (011), (101) (101) W 3HWEHIHLET 5,
ZNHH (010), (T01) HERTE L Z2BEIC L DB E N, (011) BOAPTRY)TRETH 5,
Lo L, (011 H ¢ ZBRMEH AL THEIX 0=37.5+45"=82.5" L K& 6=112.5" I2 X
TIFRNIEL W Edbh b, 72, (011) EHSTDIZCnE W) Z 23§~ mhsfE
BT oEALRELS LD EmRL, doubleslip 24 L T2 E#8ICd %3, ZoH4E, (011)
HEATNE ERE L & ENMER 82.5°—45°=37.5" & 7 1), & A BTHITE TOFHEIHE &
735" & b A —HT 5,
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(@g=112.5" (X50) (©)8=157 5" (X 25)
M—14 $EFERIkE

bk 51z, BEEGOSE, SEHEHOZBORKE LT, TNDEEOHRME, L

CIHEBT TN EORIZ LB EEL LN D, T, BRIZHEST 250 R0%UL, UH
FRENGLAT( OHEICEELCERMESAEETNVE LN THEICLLLDEEZS
nb,

3 — 2 visioplasticitykiz & 5800 < FEBBRED T

—14 125 T HAERFRIE 2 7T, X 14—@I3aEE 0=112.5 DA T, wAMMIT S0 &

Y, FOYIEIEREL R CE R I R, R AMTEEIERL AL B EE L L1
B, 2SR L Tk 0=157.5 Tl AN AL 127 TR I/ S L UIEPREIZ > T b,
TNES N TEEROBE LTI, SREMEOEA T L NEOUBIREIZ B T
FEHL SV, CAMMIC BT BHEREBIEAE LLA) &L Twa

K15 (2 &g 6=112.5), =157 . 50DHENOWHIHDIKKEZ R L 72, WXL L8 520
ek 91z 6=157.5 Tz LA BUSE WUIBEREZ R L T 5

(b)

®—15 IHIE RS
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M—14 DI TFHRERER L L L LT, BHBIZIH-> TRTAOBELREL, 0T AEE

DB LU AR O T ADSHF Ko, =112.5(a), 6=157.5°(b) 12 BT 2 1BF AL %

H—16icmlL 7z, 2t h 6=112.5 O E» =157 57 12k~ ) { TR EEL» K&, D
ST ARGEE DN B b b,

A —
Ty
. LI
9-—-}—»—‘—»—
e Ll
SO
U
L
I
S T YV T e
]
‘;\\
¢ T

(b)§=157.5°

E—16 fBFeRogfnd (T, HHEH#E)
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H—N@L@t%k%A%UTA@%ﬁwmﬁﬁ%%tto:ﬂmi0&ﬂmﬁ“ﬂinu
@%ﬁﬁtﬁﬁé%kﬁ%ﬁxctCiO%A%Eﬁ%%héﬁﬁ:BTFTﬁ%AMEﬁﬂ
m&ojtf,mwo%%ot%A%ﬁﬁfmmo<f¢&%%ié&§?%éo

BLEDZ &d s, UIBVEHUR N 2 R4 808 6=112.5° O3 417 130 A Wi B YIHIKS B s | ¢
&01%,@—w@@%k%A%quﬁgm%ﬁm%i<~ﬁ¢éo:nuﬁtmmﬁﬁ%

T S et
"!\ B=125%F T Jmax 9 A ,\__._.\_
R T e e T S

(2)6=112.5°

(b)=157.5°

B—17 sk AW O 2ol o) 54
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bee )8 HAL R OUIEIEIC D\ T 815

KERT 6=157.5" TIEBMEEL 2% DK<, A MBEWERER D H O 2k v, 21w 2, 2
AT —FICHRET 22 EHTET, ZORNGTHIMITELEZZEL 2T XDz &
DNTKRDH LN LT HIE T 5w,

OE, BRFMLY E 2720104 T 5 BbN 2E&OBERIIEN, O TADGHEITLL
—HTLLNN, EHOER SEMB L AP TANOKE S BT ERIIERS LI
LTwrkEZLNE, tNWZ, HEAEIERTIENNESALNL, 3—1THLAZLIIZ
EEWENHE, §HbLIENOFMIL > THREENL EEZ LI ENTED,

1 #

e

{210} @AM %ML 45 Fe-Si A BREL T, Q0> HFmz EE L LLWEERE DT
£ 0 ZNERZAL & T RTRRYBI 24TV, VHEES, CANASZHELZ, 26D
FEHTNEDEDEBY) TH S,

L., WHHEIIES I EEA 610 & - TR EL, 6=22.5°, 112.5° TH/IMEL, 20

FHECEAEE R,

2. CAWA ¢ LEBRICEBECELL, YIRS, MKMEZ & 2 & X iEMHUMEC, WA

EIHHAMES & 5 & R I3BAEIC LS,

3. ¢& (B—a) DEERIZ Merchant $ & f Lee-Shaffer oRX» 6 ¥k, THEOHOT~Y

W L BMOFEFEHBIC L FEL v, YIHHESAVN S w & SFFFEHEO FIRL Y Fic

FAEL, WHHEHDV/NE Ve BFFEHAOTRL D TICHAEL Tnad, LirL, AERE

313X 0% T A—F—E L TETIENTES,

4, visioplasticly 2 UIHBEH O/ N TH 5 6=112.5 C g K TH 5 6=157.5 [ @A L 72

KR, 6=112.5" TIEEBHEEL R, HAAYIC Bile AWTETL 2 ) 1 b, 0=157.5" O

BEPEIRIR 2 < B A BTBERNI Y ST e

5. FlieA 7w -y bETREODESZRE L 2R B, 0742008 LUK

2, MM & NMICIZERSLBRIZRD LT, BEMIZIGHOTmIZ L - TiE S

nNadEFEZHLNE,

6. 1. ~5, #FLT22 12k, YEIEROE LT & LT3~ BRSO EEC

SoTETREEZ LI EDTESL, T BEIEMTHILTUHEIEILI/NE ( i g

I EASN
(BHEE) ARFROEBRICH N EN LB ERICEH#RT 5,

(MBFI534F 5 20 H 52 H)
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X L7

1) BBF1 46 EERRELSETRSFMEBIHESER p. 61
2) TBAD 47 £ ERBEELETRSFMBESHR . 99
3) H.XKudo : Some New Slip-Line Solution for Two Dimensional Steady-State Machining, Int. J. Mech. Sci.,

7 (1965), 43
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