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A Study of Bubble Generation on Underwater
Discharge by Laser Doppler Method

Yoshitaka Nakao, Noriyuki Takeshima,
Masataka Matsuo and Taikichi Hattori

Abstract

The bubble generation is one of the important events in the study of underwater discharge. In this
report, it is described that a laser Doppler system is capable of measuring bubble velocities under impulse
voltage application.

The principle of the laser Doppler method is based on the frequency shift of a laser beam occurred when
it is scattered from a moving particle. Although such a technique has been used with success to measure the

velocities of stream under aerodynamic or hydrodynamic conditions, the application of this technique to
underwater discharge is more difficult owing to a number of factors and it is necessary to develop another
method. By using this laser Doppler system, the bubble velocity and the beat inception time are measured in
water under several electrical conditions. The effects of concentration of the solution, polarity, peak value
and tail time of the impluse voltage on the bubble velocity and the beat inception time are discussed.
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Fig.1 A beam being scattered by a particle Fig. 2 Two beams being scattered by a particle
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Table 1 Classification of laser Dopper method

Optical mixing Scattered beam and Scattered beam and
reference beam another scattered beanm
sy = Ik ks x lkg,
exclusive or and
ks, = lkq Res 2 lhos
Incident bea ks’" “/e v2 2 = ”?"7‘
Singl
1nete A mode i) C mode U
)
o~ -~
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“QL'( == ”QC?. D E ~-
and )
b = sz
Dual B mode U D mode U
L T/_ L P ===
I IS o 7]
and
ke = ke,
L : Lasex
P : Photo detector
u ; Particle velocity
© : Angle between the beanms
———>» : Incident beam (Reference bean)

————

.
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Fig. 3 Geometry of dual incident beam
arrangement Fig. 4 Interference fringe for two inter-

secting beams
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Water chamber

Ll P L2 P A F
Laser 777 Photo-
multiplier
1
N

Bandpass
filter
e

L : Lens amplifier

P : Pinhole ]

DP : Double pinhole

A ; Aperture Synchro-

F ; Filtex scope

Fig. 5 Optical and analyzing system of laser Doppler method

Nater chamber

VD
c N
100V ° -
Synchro-
scope
. + |

Fig. 6 Experimental circuit
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(a) Schematic pattern of the beat signal

Fig. 7 Typical beat signal (b) Oscillogram of the beat signal

Upper : Photomultiplier output 0 .5msec/div, 2V /div
Lower : Filtered output 0.2msec/div, 0.2V /div
Delay time 1msec, Filter 9kHz HP 200kHz LP, DC Amp. 0.2V /full
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P20 m/sec FEETHY, NI L UIVNEI T bbb b, 272588 8w Ti3 KCL1073N
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X \ - PURE WATER
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(a)Bubble velocity U versus distance between (b) Beat inception time T versus distance between
the needle tip and the focal volume L the needle tip and the focal volume L

Fig. 8 Effects of concentration on bubble velocity and beat inception time
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Fig. 103 KC1 107N, IE#&E, T,=280 usec, € =10mm # —52 & LT, VEZEZ BAD
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BiGiZB > Twd, UBLUTHHET2H 2 0IHTIZ—E L T MBIV EE{LL 725
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Fig. 9 Effects of impulse voltage polarity on bubble velocity and beat inception time
(2) and (b) are same conditions as Fig. 8 respectively.
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- 10 F
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10 F —%— 40 1
~ ——— 35 -
(8] | O
E E
1 10k
o —
11 1 1 \\T 2L 1 1 ‘ 1
10 1 3 10 0 1 2
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Fig. 10 Effects of peak value of impulse voltage on bubble velocity and beat inception time
(a) and (b) are same conditions as Fig. 8 respectively.
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EKCLI0TAN) E KCL1074(N)
F V=4.0(kV) o - V=4.0(kV)
: —o Te00gseq ——
———— -
10 F —— 200 1 F
. ~—e— 120 - f
§ i |
E E
1k 107 £
> > [ C
S : o Te=4000sed
[ I
\ - —— 200
107! ] ] 10_2 1 LT 120 ]
1 2 3 0 1 2 3
L (mm) L (mm)

Fig. 11 Effects of tail time of impulse voltage on bubble velocity and beat inception time
(a) and (b) are same conditions as Fig. 8 respectively.
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Investigation of Hydrogen Production with
an Electrochemical Photocell

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

Abstract

Recently, hydrogen production with semiconductor/aqueous electrolyte solution/Pt system illuminated
has been studied from every of view.!!~%
This system has “photosensitized electrolytic oxidation” known as Honda-Fujishima’s effect. The electric
field is formed within the space charge layer in the semiconductor electrode immersed in the solution. By
lluminating on the semiconductor surface with the light of energy larger than that of the band-gap, hole-
electron pair is generated in the space charge layer and separated by the electric field. For the n-type
semiconductor, the holes decompose water in oxygen and hydronium ions on the semiconductor-solution
interface, while the electrons are transfered to Pt electrode through the external circuit and reduce the
hydronium ions to hydrogen on the surface of Pt electrode. Therefore the band-gap, the electron affinity, and
the band-bending of the semiconductor are important factors for the efficiency.
The semiconductor is required to be electrochemically stable for its catalytic reaction. T. Onishi et al.®re-
ported that the quantum efficiency of n-TiO, (Eg=3.0eV) was very small, 107* order. While J. G. Mavroides
et al.®® reported that the quantum efficiency is improved by using SrTi0O; (Eg=3.2eV) in spite of larger
band-gap than that of n-TiO,, because of larger band-bending and smaller electron affinity. In this paper,
using n-Ti0O, for anodic electrode, we report the result on the improvement of efficiency for hydrogen pro-
duction by changing pH of solution and on using p-Si instead of Pt for cathodic electrode.
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Analysis of Continuous Thickener Using Solid

Flux-Concentration Curve
Eiji Obata and Haruo Watanabe

Abstract

In this paper a continuous thickener operation at steady state was treated. Batch settling curves were
classified into three types by initial concentration. At each concentration range, operating conditions, con-
centration distributions and area of thickener were observed experimentally and compared with the predicted
values from solid flux-concentration curve.

The disign of thickener area must be distinguished in feed slurry concentration whether it belongs to free
settling of type 1 or hindered settling of types II and HI. When feed concentration decreases below a certain
limit, the suspended particles will be lost in the overflow without the change of feed solid flux. At steady
state operation, underflow concentration was found to be independent of the depth of thickener.

i

T

A7) =7 b EK % BB Al v 7T DRBRHI AT EEE & TR S ORESN S
FND, rEEEE BRI, LU R EERE (EAIERE & R E0E) s v
THRESN AP MERELEDHE L ZHREHEIINTW WL ) Th b, ERL v 7+ —
DIBAEIZ DV T ERRRIME L Ao 2R DR BEZ N TW DA, i HEiGiE
ENHBIZOWTIRERL Twitw,

A TIE, BHNBREL 3D S A 7I2a L, N5 TRk & R EBE R OBRE 8 5 2

2Bk LI, EEES oy 27— O ESN, FRERE, BLUEEREIBCTTHENS
Loy 7 —RERBEASHIZOWTERBR KT S,

1. B IEEERRR & EFmR iR

BRaPNZT ) — 2B E & T 5 LR FIERE L ARSI HERE L TRER 7 » 22 BRT
b, HHBELUETRREM ST TRTITABRB S HEEROBICHEL R ED LN, ZD
WRERES S ERME 7 ey b L7z L O & RIS ThBRIAR 2 035, Bk REm R BRI LD
SEN YA TIehlT b sy,

M—1TEHLEDE Nix 7 & & LioEM2 7w oK EN D Z & %03 DEF # 18T

(25)



424 ANBESEZ - LR

cv
E
CraVia [~y f cv
| F
x ! Y
3 1
% b DL ! |
E v | T
T 3 B
v Cnvn __I : ! !
i ! e
t Q CnC  Ca Cr Cc2Cra= Cea Coo
o} Time Concentration
R—1 3#EHHOME SRR HM—2 EiREhE

BErifs, ZOBEBDAT ) —IHFETRAT ) o TIREBEEREL, ¥R (B
B TR EERMEREA RO L N0, G0 H 2R T8 (£580) TI3HE L RBERE 38D
Lo, EE R DG T 14, MG TAEMIC L IEIC AT T 5 DGL & IEHIERE & 195,
MR THEZAT ) -DELEZIOHBICEL, RERMRE»BEDANDEE L 12 2805,
FHBEE LFEN L, 2Ty PIBEEDORIEZZ Y —OWKHMRILERLE D] 0T oD
LB RN R EAFEITT 2 DIK D & S22 0, & MR, H 2 VIR HE LR &IP3
W5 BT 28 ¢ (kg/m®) & ERILMEEE v (m/sec) DBAREL KD, cvk ciz7zn
L7ay b 95— 20EKKER (cv) HEE185, M—2 TRERZT v DIBE co & H Bk
TR BARAN O HAR e ERTRAR & AR 8% D, BERRERMGOTHAE2F L L, D, Fiox
T ARELZZNENCL, T 5 &, RAGRBERBROMEE c, 770 <c,2cid & %% 1HL
B or<cr=Cunr =2 NELM, <, S & E X MEAMEEDHET LI ENTE D,

B 7D EREL, BSEEREDIIICEE R T ) — kBRI L D& 72
LnEk b,

M—3 0@k v 7F—I2B0T, WERBEE coxF ) —FKPIC BT R TIRRERE
v &, £@THREMAREZ c Bk X 2 PEBEERFERE co L8R L 5 THEERRE
CQu/A LN ER Y, ZNAHEHEEBEE coQu/AIZHE L T Sk vh b, BERRFEIL
F &L TORYP RT3,

c (U+ Qu/A):CuQu/A o
RS v 7P —DOEFBRIMERETE, AEEIAEZENEZICBTORN2ME T 28 —RE

2T,
RERIC, WHEIC B VTR & 2 TRERKR co LRI & 2 EABERRE co/ A D
DRI AR coQo/A IS L vir b, BERMEIEE & L TQRIEILT 5,

(26)



EETR MR E A2 E RS Y 7T — DT 425

Feedflow c

v %
y ct . Q¢ Overdflow SZQIQEA—Q" L Al Q .
o] o - - =3 A 1
_l CaVzi--"7f 1 |
(I A Y 1 0 H
I_‘ Overflow | ¢o.Qo oV MATAY T \ev !
zone /i ¢S :
P A '
Ht .y |
D "o S N |
Settling zone R Y/ el y !
Area A Lo PN
0 Ci € C: Ce Cy Ca
H N b i 1
0 11T j - ’ | |
Underflow 1 cu,Qu o a 1 c ' :
t 1 i
M—3 v 7+— . ! h i
73 !
cy S — : i
cv 0 =] C2 Ce Cu ¢
F H—4 ERESEHR &R AR ED
D ! P ERTE R B A
¢ Q,/A S £ !
Cu@u/A J |': :
‘EH : ¢ (Qo/A—v) =col/A 2
0 (_iic L! ta"NQH/A !\I c @(}Iﬁhﬁ‘(% %8 Tl co=0 ’C% 5D b CuQu:
o ‘I Cx !IZu Co .
He ! crQrE Y, M— 4 DEEFHEIMMR LICEED
Hl : ~ . > . .
ol ; B BT AR EIRRR /A, WRIRE AT
- | N ~ N . o B
b - K cQo/A, HERFEIATR cQu/A ZIRIER X L
E—5 Gt v 7 F—BIEOERE TELTIENTES, BRIEEDFRETH

TE»5 2 s nnid, OROAALOPRREE
Ch R ETDRBIZZZ G LRI BILT 5,
d(cv)/ de=—Qu/A 3

ZOEMHIHILT DLy 7 REF R AMIRELTL, ORELWET 2EMRIN—4 D
LN T, ZOMEE DS %D 2 2l HRHGERE Qu/A 2 Fb T, LN & ERREHRO L EM,
BLUEANDEE ¢, cldDXZMWET 2HMEREZTH Y, LN & c#nZaPzOROHE
TRIERE cue ZbT, BREMRTER cQo/A & EERTERMARNZ QDB Caldco=0 D & 2(2)
XA MR AERERETHL, Lh->T, W—4 L) EFEREEN T ERS v 7+ —
DIENBESEIDOENSMEAD ) LI NNIETEZ ENROH LN,

1. BB I —BETH LI5S (AMEFHEINL7ZEE) —afeij—
L BRENICEBEAERE S LS —afeghij—
L kB RETH LA (AMAERA Lz &) —athij—
. BHBNICBETERES S LS —acdfhij—
. BREAYRETHLIEE (RIRIZEETHS) —abdfhij—

MR ES A (1 83k)

[S2 B =N G N O

B

(27)



426 AN ok S Vi Pre e S

3. IRikk R (REREE)

CORERIIN—2 THRRIE ¢’ 0 < ¢cr e £ ELDHTHEND EETH Y, ipmihg
ZX— 1 DEF TRaEnsg, M—2 OEEREHEHRT, ¥IRE caAD B5FERO 5 i %
EZ2HE, TORMHEBEEEIOBAMEEIZEL (, BHREIIBERENLAT v PREEES c.
Th), 20 L HEER B oMz TEHEN S, [M— 1 oW 5k & K— 2 o B ki ik
BOMICIEDEND L J12% 5,

< DEHg = 2 BOJ, « EOt = ~« BJO

K—5 THARBE chic, <cr D & &, @iy v 7 F—OHRBEFRINEEE I L VEEIZK
ETE L, HHEEA M®) odfis v 72— THIGIEE ¢, 68 O, HEE Gu T4bb
S BRI DY 0/ A T, BElREE Qu/ADVBRIERGIOBEE X 2 256482 TAhL, K
— 5 THHGIBIE o, DG I BT 2 TRERERTRREHGE 2 7 ) — 0 Ry kiEEE s vb LT
DALY

Cr (Ve Qu/A) =¢cu@Qu/A=0] < ¢,Q/A=0G 4)
Efe ), (R cu@u)/A=]G DFEMRFHE AT L 2 5T 5, B1ER Gl 2R 2 M8
B, B CL BRSO EIZET 2IBE aThiH, /A < aQ/ADS
TR L Y R RERTFRE TETEHMRIK 2 imE T 2 hERRE ¢, b % b Z &AL 1L

b, WIIBE CldMBENZ LN, co= (crQ— ¢ Qut:

Calu)/QoTH 1), WIHIEIBE 213K % i 2 &Qn:g%_m :c% cv

THZEp b, QA=Y = (cQ e/ ey “NE

A=coQo/A L) c=c=c,Th B I EH LI oF

B, L7hinT, B Gl TRE MRS » 7 1

F DE R B B BIERIER K & 5 G
), HHRIBEE cu RIBIREEL o WIUERE o oo

BElE o IEHRRELL o & % B, AU iR "L 1

%ﬂ@t(ﬁ&@%%%é:iwwﬁﬁ%ﬁﬁ T . -

GmeéaLawn@ﬁgaw, e ' ! i
W25 ) (Bh) TBHEDS IR o L B | S

DHEIZIE, TABRTORGE, »o0it% 0cez Cucs e

IS b 6 TR B IR 2 505, e el oot

KL T D4R O &P & 0 BT o0 Fr i BAFL3 © actim

M E vmin2 LT, 0 2 F—FRBACALE g L
KL D Red LB, HimE Mg (IR

(28)



BRI 2 2R v 7T — DR 427

Qo/ A= (Qf_ Qu)/ A= Unin )
GINTRITHEOEE, THEEEL T wa T, BRI AE I, 52 I3 IEE
B CIIEH TE I Ik b,

4, TEELRERES (BRI

COREBIIMBENRK 20k caDICH D EE T, AhElREX—1 o DGl T
TREND, —WRICERNIER T SGEFER T LI, ZOBOERREE FORBE c.&iEFiE
L Sy,

WMBEZR—20EICHIET S crk T2k, ERKEEEZOENHEE TH Y, MATIEER
E &) EERFERMBEAG BB SGNRE cek ), ZOWMEREIZOGDIEE & 7%
5 BRI BT AEEED FARE, T b bR— 100G nEE K —2 TEG»
HEDTFE 2127200 %5, K— 1 0BlailEhi s X— 2 o BERREHGOXISIZHE
DL IR D,

2 DGHs = ~ EOJ, ~ GOt = ~ ECGK, ~ HGHe = 2 GOJ

MR BT A FIEEIIWIBENDRE KL & LIS T A@ENZIH D, WIEEEEK
WRMEOTHEDEEICET S &, EELEREEII T 5,

HAGIEE o M—2 0 1<Cr=Cn Dk &, #EiEs v 7 F—THEBELRREHED &M bt
WEMRFERA 2 $IUTRAHHBEE IS 3N, FAPHEEELDTOTEDTHREEAHREHE
BICEDEEBIEMROLN 5, RIFEVERFRERMGICHETLHRE (K—6DEM L B &
UR—70EG3) 2ERATHRELI VY, JEEEE—EN L & THBBRRRREHENES ¥ 2
P, HD5CIIEBEERRE 2L TICHRHEEE 2D 395 S IERITE D) BT,

R—6 THIGRE DA 7 ) — 2 IRITHEE D FMT TR 2 iR, §4b bR ERE
AREC, FHEBEAREVGIBERISAES B ) EERRMGIZETLIERL TROHLMNS,
Nk E tan £ EGO=Qu/ATHY, BHRIEEIZ cuTH B, HIGIEE, SHBEE—EN L &
THEEY Qah bUplz M2 X, BHREFERIZ. TERAETICHMIERRIC ALY

5 (Rp—Qn) DEMEKT7EHET 5, ZOHAEDIRIKIEE celd kR L VKD LNS,
Cor (Dp—Qu) =Caln=Ccr (0n—=&n) )
I Lz, BERICERRL TR T AR EE B AMHREL IS (H—6E&K2),

HEE R, JEERE D — N L & T, fiiE % Upllilid 292 LIRERIZEMR 3 &40, B
REEIL cul b culliHAP L, MEEBEREIERS & BEERGRMENDLEABICHIET 2EE
skt B, ZD LD IIRERA BEIRER AR T HICAE L, 2ok g LY
ANE L T BB R ATRIE & IF 35,

BEBEHDL v 7 F—RNEESH AR —612mT, 277 LILEEBEE L ERRENEER

(29)



428 AN SUNEE S

B J IFEEDESIZELETA I EATE S,

MENEREROZZ) —C72nT 50y 7 h—MBEREIIORD L, $abbs v
T T ORI BT 5 TREEBRAR # B/ § 5 BEA KD, ZHUIHIGY bHE S
%5h,

(cvtc (Qu/A)) min=CrQr/ A= CyQu/ A @)
ERoOEASFAMEE 5 DIF d()/de=—Qu/A DX ETH), DREWRETLREIRN
— 4t aBL e ThHD, M—412B0T e b BERFRMEIST 7238 MN o X 5
tan ' (Qu/A) &7 B b, QuiiE 2 b NAUFIRRFEDKMEE A7 THEERK A H» KD 511
5, #5\vE MN Litih > DA LIS Q7 ATH D00, ¢ Gk B2 NS APEKRDLN B,
IAREROFERTHY, (DXL ) Kb 0h Coe and Clevenger D 5D Th 1), HEARMIZ(Z
MO EREAT—THE 2 RO LN L, 212 208 & cr2a TEITIE R S 70\,

5. MELERER (SRR

ZOBREBIZH—2 THIBE cad® Cu &k Co DHIZHELET 2HATH S, M—1 D DJK IR
L7z 91z, ZO@EEo 5L g R S EIs BoR R C AT, WBE L
WEREEISE L WL LR E, 202 i3y 7 —HGEESC T ERRBRERICHFET 20,
MR BRI FAET 20 2L VERNRESG»EFE L BXDL I L2 BRT 5, WHBE.cH
i< = Co DWHDL v 7 F—IRBIZTE

[
(2]
I
s
[»]
-0
<

ﬁ'gl ! cv BRI NS 2 e nny, BEURFEE G
A a3 . P R MR B O BB T B
cbo
N

i
tan‘r

[s ) TR A Ay A

1
0 1 ‘
4 c £
0H C1 Cn n Ct {Cuz CuCus Co 2
1 . —
Hop e Pl 9
I|I|| ! ! ‘. I| I| T
a b P
oo £
0t Lo [ bl
Hr ¢ < H i [ Q
. all I [
| L
e g h i} i i
) b Thickener
o t- . HER
Oty ] LK ym) / Tube pump
0 Ci2Cn Ct Cu2  Cu Cus e
e 1 abfjl or abfghl l 12
#{E# 2 © abdjk

14 3 : abejm or abegim Slurry pump Tank

B—7 EH oy 7R EOERE L ;
TP AT (ITEEIERE) H—8 EBRFEEHMHEX



BEARTCR AR &+ 728 v 7 T — 0 429

H—712BWT, MBEZ ¢, SHGEL Un, HEES Qui T5 LBIERIIER]L &40,
ERRRIE T 5 2 e blRATHRIETH D Z bbb n 5, MEKKIEEEIZ BT
ZICIER BRI LT A IR L ) /N, BBIBEIC L ARIMIE v, IRTETE D & F TIRIE
BWIODRAWET 2 RBEBEE L cn, BEWo,THD, HHEEBEIX cuk2d, BIEHFL L
NS EE Qu A T2 CBERIZER2 &%), LEBIBEIR o, SEREER cw L7205,

ST BIER3 DL JICHHREY Qullifb 3¢5 b L RATIRIEL 4 2,

BRI BT 5oy 7 —HENIBE A& X— 712777, 7272 UIBEAER M 8 13 k8
DIEEDEETH D,

6. EREEL L UKBRFE

K—8IcEENRELTRT , R0 LOAT )~y 71, 12 TR S 172 MM ik
AN T (BIERTA > P—40) 25 ) —REER> 72 T7a—2—% 35 5 REFHIL
D~y P2 745 ~NTHRERT ) — 2l L2y 7F—6~iiE3 N 5, HHEEH THLE
) —5 8z, HEEHOICZAEOURAAD DN ESDEAE S 2T, v 72+ —I3
T UNEEE (NE14.5cm, 5E36.0cm) T, $HBIZ L 2 THREN®Y—T 2 2D EERIZ
B 5 mm NF 288 4 5%iT 72 ZILAR (BILE0.34) 7, ¥R I ERIC RA&BH I FH 2980k 8 % &%
7, vy 72—z cm MR TG 729> 7)) v 79I B LU 7 IEI0 L D) ERER
TN LERRCLOENBEELHEL - el E& X 7 11 THRES N, Bk
FELICHE®S L 7 1R2FATATY =K T I3 THRIEY > 7 1IE%RI N L, GBHERER
5 ORI B 7, L — BB L T,

7. ERERBIUEE

FEBICHER LKA NS T LRXT ) —DEEAT v VIRE o |3 A8 FEMIKEH T 0.88
g/cm*Tdk % WHIC A 72 BEURIERMBRIEE S 30cm D X 22 > 5~ THIBRE 2% 2 72 [
SUEERAB L DRz, THIEBBOBFBEE cll3®mRAT v VIRE G 6 BURFREE~
DR F R, B L BERERENZE S L) 0.022 & /cm®, Mo B FRIE R Culd BK
FARMROZTHSE L ) 0.107 £/cm® #1872,

F— LICHHGRBEDVNS W2 MR E IR 2217 2385, BL UERAR, KA,
BEMOERMEIZONT, FNFNERES 2 282 2EBAZR~T, BPoBEITEFRE
KD THIETH 5,

(31)



430 AN - R

®—1 BIERGCENRE

Run H, Cr Qf Qu Cues Cues Cces Cies Coes Cu—s Cu=15 Cm—2s Ca-3s Coes Coos
[em] [g/1]) [&w1 [8%] [e/1) [e/1] [e/1] [g/1] [g/1] le/1] [g/11 [e/1] lg/11 [g/1] [g/1]
1* 34 34 3% 39 330 272 - 34 3 27 25 25 25 1 3
2* 20 17 470 22 330 344 — 17 17 15 17 16 15 2 2
3 20 62 340 100 210 185 — 62 62 67 65 60 57 1 17
4* 5 28 410 30 358 334 - 28 28 30 30 30 28 2 2
5x* 30 109 175 84 227 218 110 — 0 108 108 108 0 0 0
6** 20 110 149 62 264 265 125 - 0 125 120 0 0 0 0
T** 20 63 228 44 325 283 138 — 0 153 142 30 0 0 0
8* 10 106 162 68 253 250 120 @ — 0 125 0 0 0 0 0
9** 5 119 135 58 277 270 123 — 0 123 0 0 0 0 0
10t 30 127 106 45 299 268 — 33 0 37 33 33 0 0 0
11t 20 116 144 75 293 223 - 43 0 40 35 0 0 0 0
12t 20 58 208 50 243 243 — 28 0 28 28 0 0 0 0
13t 20 45 220 45 220 225 — 23 0 25 23 0 0 0
141 20 48 280 40 338 285 — 33 0 150 45 0 0 0 0
15t 20 56 270 66 230 230 — 35 0 76 60 10 0 0 0
16t 10 117 160 83 226 227 - 60 0 80 0 0 0 0 0
17t 5 65 234 91 167 163 — 33 0 32 0 0 0 0 0
18tf 30 114 200 42 332 310 135 — 117 140 135 135 120 56 65
191t 20 107 173 46 310 285 132 — 110 140 140 113 113 33 37
20t 20 63 295 64 268 205 125 — 68 8 75 63 57 6
21t 20 66 315 80 240 232 118 e 68 8 77 67 65 7
221t 10 118 147 - 27 430 360 157 — 122 170 124 120 120 48 60
23t 5 55 286 30 410 342 150 - 65 150 70 72 72 13 27

es:estimated, ob :observed, * 1c,<c,, **: R EMEIME T RAGEE MBAWERE H:#Elem]

EERBIIAIEI o 7 — BT T % B3 2 5 —
) — Tz LERBRBIC W A oEE 13
o T B, BRI AT S, B )
BIHZE D 3% 0L 6RMEEL 72, BRI A = |
FIL72 v 7+ — MRS 165 cm® T—E Th
), B EAT R OME R, (AR
1172,

o
1

o tgicmiming o

Solid flux

0O

temi
w
o

S 1y AR R

K— 9 0 IM B AR I3 B IE D I % 5 ] L
BRI T AR T BB A Th D, BIFE PP T LT
[ « ' ‘:
iz % —1 o Run2 (2w L 72, BEEGE R 0. 0 ) .
] ; i
0488 £ /cm? - min % #E#11Z, HEVE i 1 0,133 Je= s
cm/min #{EE 12 & 5 & BKRFRBIMH & Ha s

\ ) -9 v 7 F—gfEEtoRrgEks
BOBE ¢,=0.020 € /cm® 3468 0.017 ERRE RS (Run,6)

(32)



BERFH AR & B 7l ke v 7 — D@ 431

g /em? £ 1) K& COROBIFAHL L, 114 S e e e e
b 5 FRRA RS 5, AL ]
BRI col B BIEE 2 OLOME %5 § £
Srmb, 81 EM-TOLEFREERESE 5 RUXL 2 |
HMOREKOREL L TRDbN 5, HHERE P“ﬂ @Tf‘ .
I ca TREA, Ly 7 F—MNEESAIER S | /AN i
— 9 abede HFHE NS, AvEHETH 3 @gﬁ“ﬂwi STy
2. Z0kS HRMEEHRRES LRCECE D da oo e e
FHI e h B, HHBIRE S HHISERTE 5 5;ffv*?"ﬁt ¥ |
REHRME ECir b5 2 s e gEL 2y Ll 1 3 ]
Lh e, IWEE e ] |
M9 D ELOBIERIGERAGRERS 5 e
DBITh B, = OB ¢l IELFEEIC o o om  ow o
BY 205, BIEE L CEBHGRENE S 5 GO 10 S5 o 7 bl o
WAL L IR RN © 5 3, = OBRE SERMMPIRES M (Run17,22)

DEFIREIZ BT 2BNBESHIZLMBRE»HAGOERBE c. TREB»BENE A
ThHb, R—9 D fghiik 5 TFHIZNLBESHFTHY, ArEWETH S,

H—10 3AEHEE S 5 cm & 10cm ORBFHIRIE L BEMBREOHI TH 5, £ FNLoftE
BT cn (ITFEREEED & cp (IFLMESLD) T, & LICTEMBEBETH 2 BIER & BRTRE
H#BOZTEG, HOWE L ) KE CHEGREDHRIE 20,

Runl? D AEZRBHIRIETSH D, HRERKEEZ SAB? 0.092 £/cm® - minh 5 HE D
0.118 g&/cm? - min & TN L THIRFEB L HRIEE %5, Runl? OfERNIEE i3 kg g
FEDS e, BHBIBED o TREN S, HHEERIRE 2 REIZBML 72 & 23R RED ca,
BERHEE DS cue & 0 B,

Run22 o EUIEMR IL TOREN, BEERERMEO FHICMET 5 2 &2 58 B HHRE &
%5, BREEREFEIIERIL CEHEMN HDETRDLENS, BREE coldBREMKRHR OP
EFATTHET %84 RS LT SR E, BRBIREEIRS YERERMEHENLTE] Dk
B, hREIEIRE IS K OBE, BHEBEIIANDBE cuk 45, M—10 12 2N FNoilENiE
Eorf o TEMES £, EREZ S TRT,

HHREmS AELERLD, o 72— HEEBECIIEER ST, BIIEFICBIT 548
BERTRRDOEE), 55 IIPHREBEDE LI L 2 BT O~ O® I T 28128
BT HLNDEEZ LD, ZHUIIFEFRRIEDNS » 7 - —BITICET 5B T4 EOBES
HALETH S,

(33)



432 AN = S SUREES

il

&

BEIAN

iRy 72— AEEREST L TLERER I L) BER G REL Y, 3%
EZ MRS LN, I TIIEBBE S MGTERBOTIZ L) S onEBICaREL 2,
FERTE R % 0 288 S v 7 F — OB R R AT BT O E DA N e FETh

D, BHSRELV NS VoI RIEEMICHM 2 ZIT 2B A VEATE S 2 8, BLUWERR

BiZB Ty 7 —REe LEL LW LR b,

ARWFRDERIZH I S NP EUR, TfGEE, RS- &RICE#T 5.

(FAEE)
(BEH152 45 A 19 HZH)

g 5

= H
A=1mEE (m?), c=[EKEE (kg/m?®), H=#7E (m), (=8 (sec), v=hrF+EtEHE

& (m/sec), Q=1&EHE (m?/sec)
RT)  c=FgF, =@, o=, u=33ke, 1=0KE 2=58KxE8
X 8

1) Kynch, J. G.: Trans. Faraday Soc., 48, 166 (1952)

2) Coe, H. S. and G. H. Clevenger : Trans. Am. Inst. Min. Engrs., 55, 356 (1916)

3) JNERZ, WGk fLFETE, 39, 443 (1975)

4) WER, SRR RIS, 12, 447, 519 (1975)

5) Jerngvist, A.S. H. : Svensk Papperstiding, 68, 506, 545, 578 (1965), 69, 395 (1966)



RS INEE Y 203z owT Q)
~ I B 2R, i, BROBIE -

IS P -

On the Histrical Changes of Bridges and the Tendecy of Their Progress (3)
The Bridges of Ancient Times, Middle Ages and Modern Times in the Orient

Sakutaro Nakamura

Abstract

The present writer made the thorough investigations on the bridges of Ancient Times,
Middle Ages and Modern Times in the Orient, and he discussed and stated in full on their
historical materials.
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On Three Dimensional Stress Problems of Finite

Hollow Cylinder

Kenichi Matsuoka and Sumio Nomachi*

Abstract

The purpose of this paper is first to present the general solutions of the three dimensional stress problems
of a finite hollow cylinder submitted to forces on its boundaries. These solutions are obtained from the
equations of equilibrium of forces in cylindrical co-ordinates by means of finite Fourier-Hankel transforms.

Then making use of the solutions, the numerical calculations are carried out for the case when the hollow
cylinder is subjected to a pair of tractions which are partially distributed on the inner surface. The results are
compared with those in the case of an infinitly long hollow cylinder carrying the same forces, and the results
of Sibahara, etal, obtained from another method, are also shown in the figures for reference sake.
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On An Application Of The Geometric Programming
To An Optimum Design

Hiroyuki Sugimoto

Abstract

Geometric programming is one of the most new technique in the nonlinear programming used for the
optimum design of structures. Using geometric programming, one can transform the highly nonlinear opti-
mizing problem to the linear simultaneous equations and the result is guaranteed to be a global optimum
solution, when degrees of difficulty is zero.

This paper also explains the two approximate techmques One is the technique using approximating
functions, the second is the technique based on condensation. ‘

Three examples, the design of H-shape member subjected to bending moment, the design of flat cor-
rugation wide column under uniform axial compression and the design of simply supported beam with changes
in cross section, are solved successfuly using geometric programming.

Lastly, by solving an optimizing problem with a local optimum solution, sequential geometric program-
ming is compared with sequential unconstrained minimization technique, and it is concluded that, in this case,
the former is superior to the latter in the accuracy and the computed time.
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TRATIHLT 5,
ho(x (1) [x 1) aox[x 1)] @02 - ot - o2
hl(x xv [x Y

§
z(x)=:h &x“)[xf) B E2 e e S o
W7 x P HFE b TR (4 —55) DR - EREFEUSMIEREIC L) xBiEL T,
xP r x DPEEEABEIL T, WELTWAT T x 2 x0 & LT EOBREL2IEE TR
By Z&c b,
SUMT 22w TidMic 3L oo TO 2z &0 5255, R (4 —56) o SUMT E# x24T
e, R EHEOBGEELIE, TV OEBERES BV,

I-
[ [0 me g e (4—55)
I
(4

H(x, r;)= (x)+rj =1,~,7] (5—56)

W
TRk LIz EZ T,
r;=10%"7+1 (4 —57)
BEGTEORREE -1~ 4 12RT.( ) RO, WEME (x° x2°), T, ©i3R (4 -
57) ICEBL ThHd, %, LIITHHOTESR, (3B ME, tIZFERM (m sec) TH
%, ko 443 SUMT R TH ), BT SGP 754 0 R L &M EEOKRETH 2,
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(2,3) (5,0.5)
J o« X1 X2 ho t J « X1 X2 ho ¢
6— 2 1.1279 2.3172 2.3134 40 6—2 1.1244 2.4190 2.3339 135
6—1 1.1130 2.3458 2.2859 108 6—1 1.1095 2.3475 2.2832 136
6—20 1.1391 2.3321 2.3051 67 6—0 1.9299 0.9615 2.4106 48
8§ —1 1.2040 2.3062 2.3570 43 8§—1 1.0982 2.3465 2.2685 129
SGP 1.0976 2.3374 2.2663 13 ‘|scp 1.0976 2.3374 2.2663 20
=—1 *k—2
(4,4) (4.1)
J ® x X2 ho ¢ J & %1 X2 ho t
6—2 1.13_51 2.3944 2.3323 61 6—2 1.1337 2.4398 2.3536 217
6—1 1.1060 2.3486 2.2803 89 6—1 1.1060 2.3486 2.2803 88
6—0 1.9296 0.9613 2.4103 39 6—0 1.9296 0.9613 2.4103 39
8—1 1.0982 2.3390 2.2678 69 8§ —1 1.0982 2.3396 2.2678 68
SGP 1.0976 2.3374 2.2664 21 SGP 1.9224 0.9626 2.4037 10
=3 =—4

TR HER A %10 T, SGP & SUMT 0K % kT 2 &, SGP o#E R
Bl (4, 1) OBICEBREENIRL T2, 2L TL SBORER & —L
Twd, —7 SUMT i3, £EREREZ BT R bl Tw 395 16 DEFEHON
3OTHAHREHEA~NEL, 72, BEFOEEIRAT IOREEDBEL - T3,

‘/kcz%l?;%ﬂ%ﬁaﬁ%kbiifréo SGP @ 4 0Bl EHJEERZ 16m sec T B NIzxTL, SUMT
D 16 WO EEEERIT 86m sec, FTEBE DD v 4 BIDFE 39m sec TH Y, sl EEER D
BMTHSGP I <¢nTwa,

PEnkHyiz, ZoMBEICEL T3 SGP 57 T b wifERIch -7, F—4n L9
i, BIIREFADGET 255405 5794, RFTIRERZ AT 5 RE T, WEME 2L
B2 THEPREFT ALV 2L 2T0bTITNE%R ST, ZOBHEARMSD L & v ) DI,
RELZFEND1DTH B,

5. » & H &

BRATETERED, MO HEEIZ L WKk ELRATE LT, WEED 0 DBLEE, SIELL
HEANMELERTE D Z L b, FEMORBIZFEL L1, B6n72Br&BiNE
W T 57 &) rld, —MREIZ%IERIFTERED KR E ZRIERD 1 D TH 55, RATFHEE T
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ST I O B R~ D I D4 T 195

g, REOIEAICEREC, SBEEFRI RN ZEHITLNS,

—7J, REEL T, EEEORMIELCIOIMELZRCO»ELI ), S5, B
CEZEUE, 1A CDEETEMEMOERMETEE TR FPBT BRI L5 Z 05T
bbb, FOHIC, B THALZEURBEIMEINTWEY, SBNKER 235
WHRHT 2 LE» D5,

L Lzedh, RO 4—1, 4—2TEENRLZK, SLEROER, b5
Wi, 4 - 3DOFEATIARERNER L ) Rl 2 Ko 5 Hkh &, WEE» DL WH#iF T,
THRICE-THALRBEROLNLZ EE2RLTEY, 512, BREDOFERTIIMED KL B
FHEiE (SGP) & SUMT #% Mg L CTA7zns, sHERE, FHEIEME L SGP o3 ¢nTs
N, #€3k SUMT, SLP %55 &> T 7o HB bR & 2 51 M B A GH T& 3
ZEERLTWS

XD 4 — 4 OFEFFEIE, LiEERFREUTER L ¥ —0 Facom 23075 K L
72, RELORDIERIC, SR TERFHERTEROB I 282 2R L#ELET S,
(BBA152 45 A 13 H%H)
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A Fundamental Study on the Use of Statistical Methods in the Evaluation of
Traffic Accident Risk of Highway Section

Kazuo Saito and Jun-ichiro Takeda

Abstract

There are two methodologies to be established for the development of an effective highway safety
program: namely one is the methodology to evaluate the traffic accident risk of highway section and the other
is the methodology to evaluate the effectiveness of alternative safety countermeasures.

In this study, writers carry a fundamental study on the use of statistical methods with the purpose of
establishing the methodology for evaluation of traffic accident risk of highway section. This paper consists
of the following three statistical analyses;

(1) the use of accident-rate gquality control method in identification of hazardous highway section,
(2) the use of multivariate method in the prediction of accident risk of highway section, and
(3) the use of multivariate method in the discrimination of hazardous highway section.

These analyses are carried systematically by the use of data on the National Highway System in Hokkaido,
and some important results which are suggested the usefulness of these statistical methods in evaluation of
accident risk are obtained.

1. AAROER L BN

IORRHOFE L A 2L L TRk HB & o7 AR F IR L 0BT e
KEERL CELREIATHE, ZNHDT 7R —F 3 BEENHE, AFEOLLENNE,
B ZRIRBE O R, A, B D O L SRR Th B, 6 DEEKIRAEE
Wb lc k&S FES L Ta 220, bAPEICBT 2RO KB LB L» L5 LW L2 ThH
5, LoL, INHDOMNEIIHMET 2ERADICANLHIGIZE EE NN L Th 22 2k E
b, ZOMBIBROMAZRLIEHTE T D,

LHFHEZ P TLRITE72OICRBUELHLQLMEHFHEL SN LT IUL L S wDid
MiwTH DY, ZNPLOMRIEAMLLZENTE L L > T, &kE L TRRKOMR—FHH
D HMFS NGB L U TFREABELRMICETT S L ) IE» 6, HENL 7ol T4k

*  CEARTERENEIR * ok RFFETEMER (EARI¥HIK)
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LTRESIN LT T S 6w, 20283 CItEET, RELENRoBTLEEY T
VO BRESHRERE AE D EEBERT L, FIC, JOL I LMENL T ST LAERET
AEGAIIBWTEREE L 2 X, MRICETARAES, 7% bbEnRRES & Ty
BRI & HAEL T 2 HERP ML AN TV A 2 L TH LY, FiEIIERIC BT 2B GakE
OEME T EICET AR TH Y, BEINFETE (RER) odREEHFERCETIHETH
5, TNLDHEPHELEINDZ EI2 L » T, HEWE D> 5 HMBEL TIh 55 LR
BB IE A AR T & 2 £E, &5V I3HERINER &R A B L 72 TR 2 2l et
WO TLDREEERHYTREE L0 EEZ5N5, ZNLDFERIZHET HFENE
22 rd, BmlcBir 5 OECD o827 £ 1) 1 THEL2DHEYIT b T 5 Z &b
SLHLTHLH, bAETRIZEAEMEIN T CODERTH S,

IOl e AEEL LT, AWRIRERICBIT AR GELENET T 7T LDRE
TR RENLTEIEAERNLHNEL, FOROIZE LIZERELERE L 2 EREBRE
OFHE, FRIOMEZEY B, dbipEoEEA Y PV -7 2R E L THERIITERICL2E
BN GEREST 21T -2 00 TH 5, RRROHBENEFIRELL DT TRDIDTH
5, Tiehb,

(1) SBEMEEREOERMEE Zius L 2 EBXEO 55

(2) BREXEOBELHAELR L L ¢, BRI S SRS 1B L 2 EhERE

O T E O AR O RET

(3) BBEIZ, FIBNHE & BE LR TR L 2 BB E DB O REM DR Th 5,

Pl k oz, BEIEIE Z0S 3 OO 4@ L T, BHIC BT 2 BERECE T
LB AL D TH D,

2. 9T —% & ERRER

AHFIRI 5V TN SR s L7k, AL
E— i 34 B, MILE 4.800km TH 0,

BRI D OBH A b 77 £ TR 46 il
FIzFk 7o NB SR 12,219 (i u) Bt R 10
) Th B, EHREIE, RECBEE T -

7o A IR A IS 51T B A KR & B
LTMERREICHT Tnd, ZHHORHENK
MEEES 4R L E— 10k 51245,

_ " o 10 20 30 40 (km)
F 7, RIBHESUTFEESFTCTE - TEKEICS ® M R
L, EHEERENCHTESRN, EmEA M- 1 REENEES
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=iy, EMHEAER, BLUOINLDEHTHLIEREHRD LoD T T —lz58EL, KK
& o TSR BEL 72,

365- Li- ADT:

»»T\
— >

R; x10° (1)

R,= { KEOBHE (/100 TEftax o)
A= KR o S
L= i KMo XME (km)
ADT = { KMo F P agEGERE (5/12hr)
F 72, EIR X0 B A2 R TERAGEER & LT, ATRteEREEREY RN LD
Dy b, X FEERERE (m), X, FERESAEE (fH/km), X, FESLEARE
(ff/km), X, XHEPELEEE (km/hr), Xs 0 5478 @ E (A/12hr), X BEHEIGHEE (B/
12hr), X : B8 B AGEE (G/12hr), X EWHBEREAE (%), X, : HEEZHEE (5/
12hr) o 9EREHRAL 72,
L OBERMA B L U 4 O KSR & O MARRE E BEROFAE, BERE(SD)
AER—1IOTT, 372, EEREECCOPDEREDEAMARE R— 2128,

®—1 SORRMER & X HEGEE - O HEBEREATS

= % X Xs % % X X % X Ry R, Ry R,
i

B OB W Axo | 1.0000

EERELEE | 0.7380 | 1.0000

FEETREAEE, | 0.5417 ] 04871 1.0000

X1 F ¥ & Exe | —0.6067 —0.6738 | —0.5620 | 1.0000

BT E R MR | 0.3403 | 0.6771] 0.3158 | —0.4612 | 1.0000

B oA B R Exe | 035480 0.3202) 05107 —0.5120% 0.2768 ) 1.0000

AE_%EGEEG | 0.6858 | 0.5009 [ 0.6245 | —0.6522 | 0.3481 | 0.6647 | 1.0000

KW EE A #x | —0.3724 | -0.4112 | —0.2321 | 0.2977 | —0.2958 | —0.1499 | —0.3931 | 1.0000

BEELEEx | .87 0.6806) 0.4805|—0.5586 | 0.2617 | 0.2967 | 0.7664 | —0.4234 | 1.0000

FAEERER, | 0.2087| 0.4490 | 0.4342 | —0.5177 | 0.4202 | 0.4164 | 0.4090 | —0.3214 | 0.2085 | 1.0000

BEHEEMER, | 0.5708 | 0.6817 | 0.5402 | —0.6103 | 0.4754 | 0.438% | 0.5219 | —0.2811 [ 0.4553 | 0.5731 | 1.0000

B H A E R R, —0.1424 | —0.0505 | —0.0246 | 0.0851 | 0.0982 | —0.0789 | —0.1422 | —0.0756 | —0.2104 | 0.0809 | 0.0110 | 1.0000

2/ E & R | 05112 06578 | 0.5515| —0.6259 | 0.5132 | 0.4638 | 0.5147 [ —0.2267 | 0.3853 | 0.7923 | 0.9445 | 0.1568 | 1.0000

o8 R 7.898 0.506 1.216 47181 83624 ] 270.97| 230.43 0.551 | 6410.6 | 0.4124 | 1.4011| 0.1482] 1.917

2k R OE 3.150 1.091 1.900 10.247 | 23892 | 356.67 | 265.20 0.096 | 7457.7 0.7621| 1.557 0.253 2.115
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Tz ok [T
EREE @ EBREEGE (i)

H—2—() E%iEE B—-2—-0b) F5uEzasE
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(o4BNINE) B EE  n

sssss

H—2 () XMH#E B-2—-@ HHETHE
M—2 HigEE s EREER & OBk

3. BREMBOEKREFM

3—1. FHHEM

ek L EBXMOEREFM e L TR THESNLETE X 2L ) OFfEy
HRIGIZIESAHINTETWS, ZOFFEERP LWL 12 L 90z, SlBEREEINT S
KHRE & CRBOMELREL TN HETH LD, 1 D0EBELZRMzL->Twb, £
MUTEHFEOBIEE) (chance variation) 12T 2 EEAIRIT T2 ThHE, 27T,
WELIFIORGEUET L, EELEHOERE LT, FHEEIC X ORBRENES Z HIiFT~
E2h] HEwE [BESNLEHOFERREZHZ T2 LRI 27201213, BRI Y
DCLWELEITE R L v YO MEZEREL T, MENREEHEOBRSEZICHL 72
EEIZ B 2B ERENFHE LR L 250,

IR, ZoNErdiEEOEE Ry P — 7~ 0@ 8L TEMNOT AT ) 2 &
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HEE X o= BRI B 2 WA TR MBI 5 AR 501

&N ZDEMELRETT 5 & 412, 5. BT 29D 0ERXE O 7 V—"71t% 1T
T ZEXEFHMEL TS,

3—2. DO FFEF—FHRRLEETIEEX (accident rate quality control method)
EER R EEREE, (TS RIT Y Z AL b L CRETLERTHY, 2047
g K7V > o4 (Poisson distribution) 1765 ] W) RELERE LTS, Thbb,

P(x):% e +(2)

IT, Pl)= mETEX 2 TxHDORRH»FEET bR
a = Ao+ m =N EHFEHEK
Ao =PHyFHEE (/100 HETAX 1)

KIZ, FHELEDBIRESNOHFERRLRET 272012, BEE 2L TEHO FRET
% UCL, LCLEF 2k, ZHIZKRXEZMBETARAMELRMEL L TEHEZ LN 5,
LCL dx a a oo CZX 7‘2
{xzzo x! e’< Z,xZUCLx’ <2} (3)

2D UCL & LCLOER KD B2 HI2 DD HENEZ LNLH, #0D1 D8 L TIIT
I3 545 (Normal distribution) ~3ffl4 2 Fiks Hyvy, KA FE WL,

UCL = A+h/
2mz
LCL:Ao—k,/&— 1
M 2m;

At k=GB ol § A RBEERIAAOIE
m: =1 KEOETEXD
P EOHERIERICL L0, TEDERKEMEIC BT 2 BB EME, TobbBRIE
EITEXCIZL - TEET 20, FOEHOBRRIT (4) XA THZ LN, ViR be, E
MREMRRICRET 2 ERNER RS (BEL 2 vwIRY, BRIz (4) RTEHEsnzi
RANTESHT 5 2 EHUIFE N, W FHEREICFRICHET 5 BRPFET 2 KR ORgEE
L UCL %82 TEBT2LDEHEZ 5115,

(4)

3—3. DIFORE

2Tl Bk OB R R £ R OEE A b T — 2 ) 446 K EE L 7,
@%m(4)mkm@&LT%@¢a%ﬁ@ﬁm@m%tLt#ﬂgw%ﬁwfméo4@
ORI T B R REREIL 20 kO 2 1 RO THEIE, T4 bbb, BTEHE
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R—2 HEERREETHEC L2 ERESITOBRE (o)

X M 8% | KM E|A D T ETE* 0 |XEENEE RS REiE 1 >UCL
No. A () | LiClm) | (&/12hr) m (G &lm) P (8/BH Bhn)|UCLUE /G5 &ln) | LCLE/ BT &lm)| 2
1 150 2.9 22898 | 24.2375 | 6.1887 | 3.1460 0.7774 *
2 48 3.1 13489 | 15.2628 | 3.1449 | 3.1023 0.2547 *
3 97 14.5 7887 | 41.7419 | 2.3238 | 3.9668 | —0.0549
4 57 22.4 4309 | 35.2304 | 1.6179 | 4.3842 | —0.5055
5 29 2.3 7530 6.3214 | 4.5876 | 3.3334 0.5900 *
6 94 28.6 3738 | 39.0210 | 2.4090 | 3.9380 | —0.0146
7 29 2.7 7545 7.4356 3.9002 3.4799 —0.5717 %
8 30 20.1 3485 | 25.5677 | 1.1734 | 4.9220 | —0.9986
9 12 7.7 3396 9.5445 1.2573 4.8076 —0.8842
10 15 2.3 5615 4.7138 | 3.1822 | 3.6577 0.2657
11 11 14.8 1290 6.9686 | 1.5785 | 4.4635 | —0.5431
12 17 29.0 1038 | 10.9872 1.5473 | 4.4917 | —0.5683
13 21 10.5 1787 6.8372 3.0714 3.6909 0.2325
14 13 10.6 1965 7.6026 | 1.7099.| 3.4014 0.5220
15 14 12.6 4022 | 18.4972 | 0.7569 | 5.7776 | —1.8542
16 16 0.6 4552 0.9971 | 16.0464 | 2.6782 1.2452 *
17 26 13.7 3546 | 17.7318 1.4663 | 4.5397 | —0.6163
442 6 5.8 2389 5.0766 | 1.1819 | 4.9098 | —0.9864
443 32 24.5 1917 17.1428 1.8667 4.2389 —0.2655
444 13 2.5 3919 3.5761 | 3.6353 | 3.5533 0.3844 *
445 23 1.4 13203 6.7467 | 3.4091 | 3.0927 0.3282 *
446 10 0.4 8700 1.2702 | 7.8728 | 3.0040 0.9199 *

B Ao=0.4124, HEHE SRR 1,=1.4011, BHEBERR 1,=0.1482, & £EKFHE 1=
L9618 22t (4) WRAL THEL 2, 2Bl > T xnERO—FE+R—21C,
FRKEETE X2 (m) 10T 2 KRG L BREGER - DR B—3 07T,

ZoRzREND UCL 282 2BMHE4 L DKM B LHXM(1#), UCL LT T LCL
Mz B X% EEXE (18, LCL TSR+ b DX 2 SR (18#) &5
5, WOBKENIZOCTLERREDGT 2T h 2R E L TR LN BREIC L2 KEG
oW TnF EHER—IIIRT,

ZORER, BATER U L TE 73 KE( £ KMo 16.4%, IER 7 6.6%) il % FE X H
ELTHHEN, £ 2 TREATERIND 46 3%, WIEH D5 9% E TN T Wb Lok s, B
A SRS L Tid 80 X (£ XED17.9%, MIER D 5.3%) B 2R XM & L THES
N, FZTIIEMAALERD 47.4%, FBEED A2 5% EFNTWDE I LIl b, Hll#EhE
friert LTl 39 XM (&KMo 8.7%, MILED 12.5%) »EiLEXE & L (a3, £
TR EM B AR D 23.8%, WHEED 22 6%EINTWE, &5, BEEERICIONWTA
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5&, 96 XM (&KMo 21.5%, HIEREMD6.2%) »ERLEERM & L CHEHEN, 22Tl

HIARD 47 3%, FEEED 42 AR EFNTWBE I L2k b,

Ciee Awwame  GLREAILUN UATE =
_ SCATTEQGRAM OF . (DQar) ¥AR24 .. MACC. .
5.50 1590 25,90

AFRL 1. 190T)

ROSS)_vARL

RRELIEN

(A
45.00 55201

0 53,00

e

OO,

O osnsimN\FE )

10

Eraxo

-3 &R BT 5 KEETE X 0ot 5 KEEGR » EREHE & OBk

®—3 FilEMEEHERERC L EBRXHEO 3 HSH

S X M om | E K EifGxe | Bk rm | B E% PR
Wlome X M| % | km | % l|apaxs| % | # % N % ek
5 1 # 73 16.4 318.7 6.6 934.7 15.0 1190 46.3 1270 45.911.2731
Tl pid 256 57.412735.1 56.9 | 3381.1 54.3 1237 48.2 1338 48.4 1 0.3658
gg m & 117 26.2 | 1752.8 36.5 | 1912.8 30.7 142 5.5 156 5.6 | 0.0742
i A F 446 100.0 | 4806.6 100.0 | 6228.6 100.0 2569 100.0 2769 100.0 | 0.4125
g% I # 80 17.9 254.6 5.311283.2 20.6 4138 47 .4 6372 42.513.2248
;E I # 241 54.0 | 2468.9 51.4 | 2700.7 43.4 3342 38.3 6260 41.7 1 1.2375
é; m & 125 28.0 | 2083.1 43.3 | 2244.7 36.0 1247 14.3 2369 15.8 | 0.5555
| A F 446 100.0 | 4806.6 100.0 | 6228.6 100.0 8727 100.0 15001 100.0 | 1.4011
H 1 # 39 8.7 600.8 12.5 411.3 6.6 218 23.8 3830 22.6 | 0.5300
Eg I 277 62.2 | 3172.5 66.0 | 4580.5 73.5 693 75.7 1277 75.8 | 0.1513
g; m # 130 29.1 | 1033.3 21.5]1236.8 19.9 4 0.4 27 1.6 10.0032
| A F 446 100.0 | 4806.6 100.0 | 6228.6 100.0 915 100.0 1684 100.0.] 0.1469
4 1 B 96 21.5 297.5 6.2 11353.9 21.7 5778 47.3 8248 42.4 | 4.2677
| I picd 220 49.3 | 2377.6 49.4 | 2358.0 37.9 4221 34.5 7182 36.9 | 1.7901
EN fiza 130 29.2 | 2131.5 44 .4 | 2516.7 40.4 2220 18.2 4019 20.7 | 0.8821
it & 446 100.0 | 4806.6 100.0 | 6228.6 100.0 12219 100.0 19449 100.0 | 1.9618
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3—4, % %=

FHEGEERENIEED —EER » b7 — 7~ D RIC L 5Bk X o & R R
AT 120, FOHERPLRDZENEFEREINE, TR, ZOFEORREEED5
&,

OCEMBEDNBREFEFBINTHB L,

QBHEFRI M DB HBEVRIFNNIBHES NS Z &

QT S N 5 HE A P B EEOBIHIG L TEILT 5 2 &,
TETHDL, WHBHERKEEOEE L ST CIRERL S 2 20FE»H 5, FNIZ
HXMOBRE LB EREFEHLTIENHETH S, BEEMGEREL ZOBEORBEICK
U TR0 MM B 2 ED 2 —D D HHEE L LD EEZ LN D,

ZZTCHE—=3 R L 2aiiERs R &, #iTEX v/ 2 KMICH T 2 B0 HiF
ENELTRLEIICHEEIN T B b ), ERFBEDEBREEC L 2R Lo
BOBEICD EOCHEORY) 25 LR AR AENEE L - R BREDFHN S ETH D
ZEhbhhrb, R3OEREARL L, EREFXKE L L GRES N KBTI EHL L L
I HLRBELTLLENLDTIE v, Fl2IE, £EEBEHIZ OV TZRHEE T 21.5%, E&
ThTmw6.2%ThosH, £ THRELLEMHRIZLERD AT INTH L, £72, THNFY
FHORIIMOBD PR LB L THEBICEH > T, 2O b d, BESNL
KB DF LMD L2 12% 5,

LCL %# T b bR s b DBHURRERXME (8) 28+ 5 2 L 0EHEL, no DKM
DBRMBEEMERINIZZAD CEFICD L CERREEOIRIIHEZ Ep b, ZNLDRHDE
WHRE Y~ REREBEELAET 2201280, BHBERRLET 2T 2ER] % HEH
T 5720 NEHNEREPEMSET 22 810H 5,

B, TITHBEEANIHOERKMIZS. 2B 2 EREREDHFN D 2o DN
HELLTHWEZ LIZT 3,

4. EREEOBRETA

4—-1. ¥ 0o B ®
3. THOEKENEEHLZBENEHRRICL LD TERKMOSEKAERE Y 3
i aHETHEL, FRICBTE2ERELTAT2L0TERY, £2C, I 2 THERK
D ERETRIZ DV TS 2175 ) LD TH S,
GEBXEOGRE, TobbBERERIIERKE S EICEL ), JOBEHRESEFORBOEE
E-oTHHENE EEZ B8, ROERNLTTIIEREZINS,
£l =f GEWRIER, oBE, THRE, oo ) (5)
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X OB EREIIC 5 5 HEBTERONHIZE T 5 EEEHTE 505

ZDENFNOBERP & TERNERNTH 554, BEMFETNAEMAT LI E0TES,
K THOZ OBHETNCERMNERTH LD T, F LICERBET VI L 20 217% 9,
KiZ, EEMERNTH-> CLEHRE DBFBIEKRINCELT 2 ERL w2 2005, BEH

WRL P RERTTHTFI) L, BEMERET L LIS L 202472 v, W45
el CERXEORKEREDTFROTRENE L TENCN T 2BENEEES ML LD
ETBLNTHB, %, DHRERIZIOWTIRLERBHRNDALIN K-> T3

4—2. DNDFE
(1) EEFESH (Multiple regression analysis)

Wi, (5) RCBWTIKMOBEKE Y, XML >BER Xy =1, 2, -, m) &
DRI KEEZRET L L hkN L JicEbLEIND,
Yi:bo+b1Xil+b2Xi2+ ...... +mezm+5i ......... ( 6 )
ZIC, bk [AES (constant), b, (/=1, 2, -, m) ¥ BEIBHRE, &2EE LTSN

ZDENIDWTRDE D BIREI T END,
1) eske/ (131) FEWIZMIZLTH D (FRITIE)
i) e DEFFEIZ 0 TH S (RNREIE)
i) e BT T RTHEL (FoaE)
INHDREIWMEENELDEL T, (6) X4/ 2RETH S ROTRRIIRL NS,
Yi:b0+b1Xil+b2Xi2+ ...... +b Xim ......... ( 7 )
ZIT, bo, bi(i=1, 2, -, m) ZENFN b, b; DWEMBTH B, ZNLOFEIIERD
WHENBENIZL - TEILT 2728, X YicboOBREZETLI» 2K T 00 TE Y
W, FITT—F5EELTE2LI0L-T (7)) RFKRDLE D e TFERICEBRTLZE0T
&3,
V=i X+ LaXiptee 4 B X imeeeeeees (8)
T, BB (=1, 2, o, m) BEEMINLZHUHLEX.DEATH ), EHEDIRE
b B\ frweight LIHEN D, 0 FOMIED I REEBOWEIC R T LHHAE
BOWEBERETT I 24D,
F72,(7) & (8) RO FRIDKEEIC > TIZ EFEBGE (multiple correlation coefficient)
Lo THMT A2 22°TE, ZOEHBFRED 2RLFHEFEL OV, WFICL 2E8 074
EEICH L TEDRENTHGE S5H T 505217,
(2) #E1L1854 1 38 (Hayashi’s quantification theory 1)
Kb L, 20 ER & EENER % REFCHR) k) 2EERTO—FETH S,
W, IRMOFEEHTEY AT T) —bL2BH (item) 12k - TEHLENZLDETEE, (5)
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HFRD L I2REN B,
Yi:dllxi11+a1zxi1z+ ...... +dj1Xij1+ ...... +aijijk ......... (9)
an tEZREWj, ATTI—1

i TR, ATTY—k
ST, YAV TARAT, @ (=1, 2, -, m k=1, 2, =, 5) EATT)—
23T, Xaw (=1, 2, =, n) 23HWEH 3T 4—F) Lvn, ZoBs, Vil (XH
DEHELEDL TS
BRLER VHIZ BT, f—weight SH%T 5 L ORBHBRK TH 5, 272, TROKE
2OV T BB & R BAEBIRE THIT 5 2 227 TE 3,

4—3. DROBR

IENHHAE (ER) MV TREENCEMNFMMTOREELRT ER—4ANLIIIE
5, 72, BEMHBERBOEBERE L PREICL > TREL 2@ERER— 51277, RO
B % R EANBISREIE R =0.7607 &7 V), HFEFIL B8R LD 4 ) OREDFANTFETH 5,
ZOEAHBIREUI BIRE o = 1%7J<Efm LHEETH- 2,

£—4 BEORETNLIZLD9HEER
B AR m o R [ AmUEL S BAH B R B
E OB OfE BX, 0.0781 0.1163 0.5112
85 % & 5 EEX: 0.9229 0.4763 0.6578
TR EE X, 0.2152 0.1934 0.5515
X FE ¥ EX, —0.0390 —0.1887 —0.6259
AT FH K MEX, 0.0001 0.0388 0.5132
B OB OB OZ G E X 0.0006 0.1028 0.4638
HE WETHEX, 0.0008 0.0995 0.5147
B A FX, 0.8235 0.0037 —0.2267
B E B =X, —0.0002 —0.3353 0.3853
Constant bo=2.4311
# M OB R KR R=0.7607
£—5 otk (EEHESH)
ZEhE KR H B E o B FAili (5ra)
] T S N 9 127.9264
66.52
WE LS 436 1.9231 |
. Fiti=66.52 > F(9.436,99%) =2.407
1 i 5
Ffi=66.52 > F(9.436,95%) =1.880
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X HOBHEREFTMIC 31T 5 MEITENFRIZ BT 5 ERERIRTE 507

wiz, WL OMOBUALRLY 3~50H7 T —24F THEMBER THIC L 520247
olz, TOMRER—6ITNT, OIRROBE L RH T EMEBEREIL £ =0.7337 (F53
54%) L BRI ORER L D ETHRAMEL R L2, ZHOEZFREICL > TREL 72 25,
el o= 1 KWKETEHEIIAETH 72,

1—4. & £
LIEDBHAERIZL D0 T, TAIDKEE L FANCH T 2 EEROPEBIZ DN TEET S
ERDEDIZE D,

R—6 HEHERIFSCLIOHER

2 7 T 0 =% > 7L g | aTFTN—2a7 | EEREREEL) |
~7.5 304 —0.2606
. 7.5~9.0 44 0.2435
B OB b B(m) 9.0~13.0 62 06456 0.1687 (4)
13.0~ 36 0.7859
0 193 —0.4746
EE R ENEE 0.0~0.5 152 —0.4314 ,
(fl/km ) 0.5~1.0 36 0.6718 0.3257 (1)
. 1.0~ 65 2.0459
0 44 —0.1925
T 0.0~1.0 276 —0.0970
(fil/km ) 1.0~2.0 53 0.3155 0.0995  (9)
2.0~ 73 0.2536
~30 46 1.2174
X B oF 3 30~40 88 0.2582 .
(kn/hr) 40~50 134 —0.1969 0.2128  (3)
50~ 178 —0.2940
~200 217 —0.1060
W AT E K E 200~ 400 59 0.2668
( A/12hr) 400~ 700 35 —0.3083 0.1081  (8)
700~ 135 0.1338
~200 278 —0.0178
B H L EE 200~ 400 66 —0.2704
(#/12hr) 400~700 50 —0.0529 0.1281  (7)
700~ 52 0.4895
~ 200 291 —0.1215
BB G H 30l = 200~ 400 73 0.0786 0.1307 (©)
(#/12hr) 400~ 700 52 —0.0014 :
700~ 30 0.9919
[ 7oyl R Tk ~30 3 2.7471
5 e ’(\0/4) 30~50 98 —0.1874 0.1631 (5
o 50~ 345 0.0293
~3,000 194 0.3232
e v e 3,000~5,000 83 0.4080
H 8 % ’“/ffhfj 5,000~ 10,000 81 0.1594 0.2781  (2)
” 10,000~ 20,000 59 —0.7361
20,000 29 —2.2774
BHBEK(R) R =0.7337
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Y, THOREIZ O TIZEHEBRE» EREG, HEHERIEE L120.7UENE
52, FRABEORERELVEEICAE Tho2, £72, ZALMAKRIZE > TRES N
TR L FRISNEE FAEL OBEENGHL2ANTAHAL L, B—4 (a), (b) IR
TEDICERGHIGEUL TOERAERLEZ, ZTALDI Enbh, RGN THWZHEIZE
DEBEXEORERERES %) ORBETTFAL ) 22 EATRENT,

O, INLDTRENCET AERNFEII DWTHEEL Th L, ZOFENELIZENG
AT TR RYR RS O, T oHEIER 1 E CIRREEBRE B L 5 THBT 5 2

%) %)

—

-2 -1 0 1 2 -2 -1 0 1
RESIDUAL

RS & B EEST

2
RESIDUAL

(a) (b) HEfLHER I L 5REDA

B—4 FHlfE s EHEDERED M

Ej S8 3 bR 4= =
A 2! ol rEgnzsws | EFEE 0 5] sesnas
# wEsEs (X (x3) xs)
5
1 1 1 1 1
=
I
|0
2 7.5 9.0 13.0 { 0 0/ 0.5 1.0 o L0 20 [30 30 50 o~ 200 700
7.5 0 01 IS oG [ T T U S SR
9.0 13.0 0.5 1.0 Lo 20 40 ! 200 400 7,
= ’ 50 700
1 1 -1 H 1
> p=0.1687 0=0.3257 £=0.0995 0=0.2128 p=0.1081
2t BBENBE 2] BER_REXBE HWBRAE apEzeE  X9)
# (x6) «7) (x8)
-
1 1
Y
1
0
2 100 2 |9 SE
? Yoo ! 7‘j° 200 290 ‘“{?0 7?" ‘j 30 530 5 3000 20000 L
200 0 700 400 700 30 ! ) 5000N20000 ! ) P mAER AR A TR T
E 400 50 3000 5900 B E DY — A7 EAEIRE
-1 1 10000 — i EEETRT
7
p=0.1281 p=0.1307 p=0.1631 0=0.2781
-2 -2

-5 HEAEFRIFICLIZERSTT) —2aTHEE
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B X OB EREMC 51 2 A TR R B 5 e " 509

EWTE L, BENRFROHTEDIEKIZ L 5 &, BROFSEOKE 2 DIEMIE, B5LE
HEE (X)) PRRULKE, DOTHBFEGHEE (Xo), FEFLENEE (Xs), KHETFY
HE (X)), EBRER (X)) DIECZ->TEBY), B)OBEROFSEHEDARE LW, F72,
AR R OB L 2 &, L RE VO BEMYGHW & ARICE S L ESEE (X)) THY,
DWTHEIEGERE (X)), XKEPH®RE (X.), BHEE (X)) &h-TsH, HEEFESH
NTRBEDFERE R 72, 7277, HEERG T H I BEWEEAE (Xs) %) KELHF
GNEEZRLT 029, 20 TEAT 3 A& - Twd 2 Eic L 28K E
WrEZ LMD, $72, EEFREATENIR I > T a0 L BERARSGTOER - K&
(R DHETHD,
2T, BI—51cm T HEBMER I HNE Y T2 — 2 a7 OB{LERI 5, BN &
EOBRIZOWTEREL CABERDZ bbb, ZO%E, AT T)—223TnwA{+ 2
itZcat, 77 AMdEEAEL L T b, RURHBREOKRE L FEXTEAEEIC OV
TR2E, BEIBCLHIIEERICZEMERL Tnad, EREEIC DT EBEOER
ThLHH, HEESEE - KEFEREEICOWCEEs, EAVNE % 513 Sz 7 2 dEm
AL Twd, FOMOBERIC OO TEHBELEIIIRLAL WL ) THDE, Lih->T, &
WATIC WV 2 1E, ERIRE, B REATRE, KHETHEE:BHETERE S V) 4 DDERD
BRXEOBRERED TN L CEELH&B2R2T L0215,

5. BEBRXROERENR

5—1. MOEW

ZIZTE, 3. UL SERSEERRIC L - T 3B X L IR X A v R
ELTA, oot THW 2 YR SERZHHEER S L 20 ERXKE OB EREDHF)
I RATR . FOHINE, BREREOKENL TA X AW T, BREBRKEL Sk
B AMEXEEAMIBT 27200 HEERF T2 8205, &8, 22 THY 9N HER
4—1. T~z R BRI L - T, EBNERZEY B HBlFde 727 2 —ban
72EE 2R ) B bR IHTH 2,

b—2. FMDOAEE
(1) #8447 (Discriminant analysis)
HAMGH &L, TmBEEORIE—KESIIL -T2 6N 2EH
Zi= U X+ Xy Ao N GRS (10)
(i=1, 2, -, n)
», B LHEMICET KL RLRCHIIT S R THAHT 2F 4R/ NMIT2) &9
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RS 7 VL REDZ " THDE, 2L T
E L 7z B & H B B % (discriminant
function) *vv9,
ZOBKEEDEHEN1DIE, Bix-7
HOERARL B CHBIT 572012, AREE
Z DA EABHEOM TEORESBEL Tn
Bhrams (1) R TEkbLINLEHKL "2k 52
KeEb LIz, TabbE—6ICTT LIz
B DBHOBERPELRECHNT 2 L9 I2%
BEEDHLIETHD,

FREQUENCY

SAMPLE SCORE

-6 HHaEax

ZIT, o =RFHIGER
o =EfEEKIZ T 5 AMERDTEL
(2) thE{LIPsH 1148 (Hayashi’s quantification theory I1)
ZOFFIIHEEES N T T —LEN T 35812, HPIBEHE & RIS 5 3
DTHbE, %, DEDL ) UENEEYTRT 5,
Zi=ay, Xis + @12 Xng +oeeeee Fap Xt NV ST (12)
an 1 ER G 7T -1

apn  BR ), HTTV—k
2T an (G=1, 2, v, ms k=1, 2, -, ) dHTT)—22aT, X (i=1, 2,
o M) AT A= THBIMER T CHCZLOLFEL THE, ZOARERIZDONT, #
B OBE R FECZL > THT TN =2 aT2#RET LI A TEL, T bHMHEILL
DRRKELD LI au DEEEHE252 8 THD, 72, BN T 2ERDES 2B L TR
MR L > THANL e TE S,

5—3. SHOHER

3. TEEERIIODCTHEENZ ITFOEBEXEICHL T, IBMOHUELELH 72 H
B OFERE LTRSS N2 HBIBB DR 7 P LER— TIZRT, Z0%BE, SR
FEEE %2 R 9 eokic S 7z AR L 7 =0.5822 (=0.7634) T&H - 72, ZOHFIBE#EEZHWT%
NENDOBZET AXBOGHRERIE Z 2 HEL, 156 72K A H I & B REER L L
TEEDLDHE—=T@), B)THbH, ZOFRK, MEFLNBHIIIEAEEL > T ) HENIEA
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EH X M OB ERETEIC 51 2RI FEONMIZ BT 2 EEEAHTIE 511

R—T HHREBORE~T L
B & X X, X, X, Xs Xs X Xs X,

BE~7 b 0.052 ]0.236 |0.066 |-0.414|-0.029| 0.212 | 0.066 | 0.033 | 0.231

LS - ¢ 72 =0.5822 ( n=0.7634)
)]
(%)
40
50
30
40
20
30
10
20
10
? 1 0 1 2 3 4 s
SCORE
(a) HHIX
( %)
100 e 0
gg e V“ ERTTTEpORLT ‘:;" """"
~ R I -
N e
% L T w so ‘
. T R i
.
\\\
~~~~~~~~~~~~~~~ e 93 ]
ScoRe 10 -0.36 0.14  0.55 SCORE
(h) BREER (b) RIEEX
B—7 B L 5 HFINE BEER -8 #HEMBEBIFIZ L HHIIR & REER

o ThH BN, THENBEBLICUEL I ) BEECHNEN T D Z Ehbr b,

KICATT)ALE N ERZHAER & L CTHREERTRIC L 200 R+%—8
WY, ZOBANDMHEREIIE 2°=0.6048 (#=0.7777) Th -7z, ZOBBIEFIEL AT
INENDBIZET HAXHEDOY > 70237 (ARERM) Z#8BH L, 5572 HFK & 5]
PHEEN % H—8(a), MIZm{, Zo#ER, HHIBEKENSEA & FERC T E B A+
BTHAHY, THEUHEBLUCNHEDOHINIHETHL Z b5, th, #HE/LEHR
OB TI) =237+ 200 Ewhkz, 77 20rker2EbL THH0T, H
IR 2 I ARED SR L TWA 2 LIZEET I LENH B,
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512 IR - B % —ER

K-8 Ha{LHESRIEIC L 2 BRI R kR

£ K HOoF T ) — |y 7O H | T — 237 | RAMEGREER)
~7.5 304 0.1081
L 7.5~9.0 44 —0.0258
0 OH W R (m) 9.0~13.0 62 —0.3186 0.1388  (5)
13.0~ 36 ~0.3146
0 193 0.2184
E5aE i mE 0.0~0.5 152 0.3170
({1 /km ) 0.5~1.0 36 —0.5520 0.3381 )
1.0~ 65 —1.0610
0 44 0.0696
FEE Tl B 0.0~1.0 276 0.0081
(14 /km) 1.0~2.0 53 —0.1754 0.0843  (7)
2.0~ 73 0.0580
~30 46 —0.4278
X R TR B 30~40 88 —0.3139
(kn/hr) 40~50 134 0.0783 0.2080 (2}
50~ 178 0.2117
~200 217 0.0777
AT K BB 200~ 400 59 —0.3039
( A/12hr) 400~ 700 35 0.0890 0.1530 1)
700~ 135 —0.0117
~200 278 0.0147
SR A 200~ 400 66 0.0957
(#/12hr) 400~ 700 50 ~0.0262 0.0766 (8]
700~ 52 —0.1735
. P ﬂ
H8) w0 ~ 200 291 0.1385
(& /12hr) 200~ 400 73 0.0635
400~ 700 52 —0.4665 0.1853  (3)
700~ 30 —0.6622
~30 3 0.0713
B ABE (%) 30~50 98 —0.0380 0.0223  (9)
50~ 345 0.0104
~3,000 194 —0.0566
o e e e | 3,000~5,000 83 —0.0222
B B) $(2§/]1%h§ 5,000~ 10,000 81 ~0.0710 0.1001 ()
i 10,000~ 20,000 59 0.1093
20,000~ 29 0.4062
B H(n?) 72 =06048 (5 =07777) |

5—4. & B
P EDs Rz & 00T, HAOREE & HANICHT 2 ERDF SO TEET L &
RDLEHIZ B,

T, HIIOBEIZOWTRS &, HBOHKE &b HEBIIEH 55 T 52=0.5822
(7=0.7634) » MELEFH I T 92=0.6048 (p=0.7777) L BEHIVETRVEELRL 2,
F 2T, B—70b) H— 8D RAEEX H b min-max FIIZ L &0 CHBIE & HHLGERGE L K
HTFEHEER—9DEIIZh b, ZORKER, THLUFLZHLTEH520IC LU, #H
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X B TS 350 2 HERTRY T RO M2 BIT 2 FEAYAT T 513

I T HAME0.25 LLETH 5 & 82%DFE -9  wymmiks
ETIHIHATEZ e TE, #2025 T

SO e | HEE | WB | eoadE |

THNWTE U ERE L - THEICET 5 &5 1-1 0.95 | 82%
THIeHTES, HRCEBUIMTAHG | 0 9 B & 70 005 58
H—0.36 T THILIFBUNIERTIHIZE ]
I—-1I —0.36 88%
T2 EHMT2ZEHTE, HZ-036UET | munmpnm | 0 0.14 | 93
I —1I 0.55 59
HIULRILHERE b - TIHEICET 5 L HB§

B ENTES, TR EMBOGEIIHILERELS S 128 ), HRIBIE Tld 8% NIk,
HECHEHITETE BB EITIIEECHINTEL L 2L, 202 s, BREEKME (1
) MoK S ERXEOBNE (BE) 2L - THoHBTRTHE Z L0 b b,
Kiz, THLDHFNICH T E2ERNEFELS 2|/~ TAHAL, ZOBEROHINZNT 25502

FRBEE IS BV U REOERED, BEAERITHEICS VY T RERERED Iz L - TH
Wi s ZEHhTES, FIBOHEIC L, KEFEESERE (X,) b, E5LEnEE
(X2), HEEZHER (Xs), HEETHEE (X DECIL->THEY, BHIOERNESIH
FHKRELS v, Fio, REBREOHEIZLBADHEE, HLFHEOKECERIEYS
TENEE (X2) THY, DO TRETFERE (X)), HEIZGEGEE (X7), $TECE
& (Xs), BBEE (X)) E%->Ts, HHBEHENHE LR IH/RERL TS, 22T,
HAERENSCEEBMHERITEN AT T —2 27O LER 2RI E—9 25 BH & 5k
EHHNOBBREERL TAL RO bD2 S, Thbh, L REERE (BP0 ) oF
WESHEABEEIC OV, BEIS( X213 5EREIE 2L, ZNEEBOEA 2R
TERIZERIEE B8 " HELCHEETH S, £/, KETHRE : HEIECHERIT 2/ 2l
DEMERL T2 MO ) OBERIZOWTIEMAELER» BN L) Tha, Lizd -
T, BREOHNIAESCHLGTLILEELNIZERE L THEFTTEAEE & XHFERER H
HIFHNED, MOBERIZOWTIELLTLIERTIEZVZ WL THY, JOBE»L
OEFLLETH L EEbND,

6. AR mitm

ARFFEIL, CEBEOEEA v PV — 7 2R LT, BEmEERE, SAERTTET
H HEOVRONTE, BECHR TE otk LEHEHITEH2 AL GERXMOFH
R, THl, HHIZBT 2 ERARNLRAB ST 2T L -2 D TH B, ZNLD0H
DFER, BHLEPI G- b2 BT HEUTOEL) THD,

(1) &7 21 F TRLTERFEREMEEHEDERXBORREFE~ OB LA
WESHERR S 2, & UL, B ERKMOEEISN T 2R 4 HM 28 2 50 L1s 6 mi
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514 FTREFIK - EH #E—HR

5o 05| wEBE O oslieneemr 05| RESREREE0S | KMEE 4 05| sTEmEE (X5
(x2) (%3)
5
] /
y 3 AN
7.5 5.0 15.0 0 0NJ.0/2.0 30 30 /40 50 [ oo 700
1 (BN (BN AR ¢ oo/ 42
¢ \L3.0 1.0 2.0 4y 50 200 \/ 700
2 9.0 400
-0.5 -0.5 -0.5 -0.5
a
7 0=0.1388 p=0.0843 =0.2080 0=0.1530
-1.0 -1.0 1.0 1.0
. BEETEE ) |amnERas EERIRAE AEEBE
& «7) (x8) (x9)
7o 0.5 0.5 0.5
=t
]
| i
0 200 400 700 |200 400 700 0 50 10000
2 0o i 0 ! 00 o 005000 ! 20000 ) pEAERIREE T
200 400 700 400 30 g I} 5000 ¢ 20000 ! A FITY—A2T O—EHERE
3000 10000 +ESERERT
El
0 -0.5 -0.5 -0.5
> p=0.0766 p=0.1853 £=0,0223 £=0.,1001

H—9 HECEFBIECLLIERST I 22 THEHER

BWIHERTHDLE VR B,

(2) ZoFFENILEBENEEF v M7 — 7~ L o4 R, EmBEMELINE LT, 8
IBIE R (K9 4,800km) D#) 6 % L TEEERMNINT ATXPEEL Tb b7z, L
ho T, INLBEMEREMOBELUCEETERFELDICAE LR EBETLILNEELZ L
na,

(3) BHRAKREDTANCNT 2 BERUF00 & HE 8l L HoMB ik REns, -
DB, TRORE 2 b4 EMBEFREIIETE T R =0.7607 (¥ 53 58%), ## T R =0.7337
(53 54%) THD, FMEPETROEETH-72, ZOWTANEL FREDKER, &K
Fa=]RKETHEEIEETH 72,

(4) F72, PEICHSTAAELER S L CERRE (X)), BETEANEE (X,), K
MPHEEE (X)), CHBEDGER (X)) Tho7k, INHOEREEEHE L OBMRIEL, 5
A L EERE B AT 2 S RIER S 2R 2R L, ICKHEFERE L H
BB ES T 213 EREL RS 2R AL 72,

(5) HEEBEDHBNIZHY 5 HEHHTE : R TEOFATREEYI RS N7z, 2
DL, HBIOKSE % £ b T HTE T72=0.5822, %% T n?=0.6048 THY, BEI'RE
WESE SRR L 72, TALDEIRUTLIEW STV v, BEERMEEBREICL > T
ENEH LM (T8 Mo EOHFEREZ 82%~BUHMEich b Ltrs, H
W EFEXHOHNLE W EERELEZ L > THRETH S Z LA7RENT2,
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B X R O S R B HEIC 517 S BT TE R 12 BT 2 ZaEnoiTe 515

(6) 72, #HICHT 2 ERNEFSIZERENTFRHOHBELE L Tldfv, RELEK L
LT ESRENEE (X)) L REFH#EE (X)) » RSN, MoBRIZ>VCRILT
U LBEREIC Z 3N o 72,

PEnzZ %2522 C, DECAPT TERINILZFEIODNTRT ELUTOZ & hlT
na,

(1) Ao TIRERERREBE DM HAT 2 bt sy, b S e KEOBHFERE 2 5
thl, A% - BULHNEFERORF»LETH S,

(2) BRI LT — 22 AT AnFll, HHOBEEL2REET2LEIH B,

(3) BIFETEINICANE L RFO T2 2 UESH 5,

(4) 2 b DEBENRFRE 2 1T7% 5 FRIRES, L0 D72 WEER & v 72 (8 7 il oo,
HIRFRE2BET 5082 H 5,

BRI, B AAT 910 % ) HFE & 210 72 AbiaE R sk B s 2 Lo 5
%ﬁétt%u,ﬁ%tt%&f~&mﬂ%ugwf%w%¥X$%x@ﬁ[%m%b%ﬁt
ZEBIUOT— SO, — M EIZ SR LA FACOM 230—28 & dbigiE kA By
BHEL 49— FACOM230—-75 12 L - 2 & 2 AR L BHOBELET 5,

(RBFO524E 5 21 H-23)

2 £ X ®

1) BAZ BB AR#HS (RIEFER) | "RBLelioR @R BT 2%, B4 £33 H,
2 ) “OECD & mF7e a1 S — 12 (Hazardous Road Locations) #42”, 5Els, AEFIS0 42 H.
3 )Jorgensen, R. E. and Laughland, J. C. : “Evaluation of Criteria for Safety Improvements on the Highway”,
Traffic Engineering, August 1967.
4 )]James, W. S.: “Development of an Effective Highway Safety Program”, Traffic Engineering, January 1977.
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A Statistical Analysis on the Time Serial Variations
of Traffic Accident Occurrance

Ken-ichi Ishii and Kazuo Saito

Abstract

It has been recognized that there are some time serial variations in traffic accident occurrance and these
variations are the most important factor to be considered in the planning of traffic safety programs. So, in this
study authers try to analyze the time serial variations of traffic accidents by the use of statistical methods.

This paper contains the following two parts ;

(1) the time serial analysis on the yearly and monthly variations in Japan,
(2) the Spearman’s rank correlation analysis on the trends of monthly variations in traffic accidents and
vehicle-kilometer traveled in Japan, and then compared with British and U. S. data.

1. £ A » &

BEAI 30 RIS BT B E— 7 ) B3 5 > DA AHERIZ & b7 RO E L
HoH ARREEAL L CLISE, [l & ORI SRR 0 i BB L A B L TR 2 22
Th B, EENIC BT 5 BRI 7 B IR AR BT b T b A
BB, FEER AL L TLRAT b, BB b 50 2 AT L TR A EIEL 20 4L
B b n s SR L BAALTHB Y, ZOEREE i b IGBE AT — RO T & Ik
B B RERRTE — R BEOBERIZ A2 5 512 5 R TR, % ¢ O REBEN 7 BB A
ThBY,

= DERRI 5 B D — 1 KRB ORI S b 55, T OBEOWERY 70—
TP ENL DI HEESED - & TH Y, 1967 0> OECD MHFIEHo> [ 5e s ST
2B ABEFRENMBICET L > Ry 4] AR LTHENRREETHE LWL b,
Thbb, ZOOECD L v £2 9 AlcBnT, 4% b, KT, B EORGH, Hh
SISH, SERAHECET AMEOBRLRETIHE L L EDEEILIN, TOLE
WA S N7 D Th B,

SN b, TEEROEREISHIC DV TIEEEREE 2L E LTl < S0 Ff
FTHRLNE LI - TELDP, REICBY TR E N RALN T AW, EHITZ O

* LARTHEMBFE o x D ARITERI#HGR

(119)



518 AHE— - FRERIR

FICBIL T E T ODIFERYO 2 RA T E24%, RIFFERZENLDHFEL =2 LT
W7 Ty A THHL, 26 KE, KEI BT 2 AR DIB A 6T E L
ERIFTECH D, ZONEIRAE T CRD 2 o0h B,

DO EEHRE e & PSR S B EE) & A RO R R

@ AETr OIRMAMIREIC £ 5, EITR L ARSI B 2 TBE R L Bk

FEE o) HZBYEI O 574 % 0 [ER Hosk,

Y2 5T, BRI IRBEIEST 0 b F ISR LT AR — 5 AL, 2oh
T B B EOHANEE R R L 7 OB SFIOR KT BN LIEET 5 2 & £ BIE L2 b
ChY. AU EI B AE R F O b A HAFREN B TREL T 5 1 HIH
Th B, LihioT, RIFEOMETH D LEBEOTAENHS £ BEONI 5 T4k
FAEETHLZ Lty SOk HERETHIRE AT & 5 = & 135 E R R e IR T
NDT T F iz B BRI L TR Th S L BbiLs,

2. W T —

2—1. EXEBRBEHOHRIISH
BSOS & FRICEBOER Abl et e 77— L L THV 2, 26T =254
i3 1966 A 5 1975 I E S 10 FMOFETE TH ), FithEiz£E L LigE D 2 D2 ot

K- T RIOGEE R

£S5 xt B # E |
| A—-1 | &H

B A—2 | L

B—1 | &H

B—2 |duui

B—3 | & (F& - kH - &F - W - B3 - B/ - 38D
B—4 | BB (J - 5K - BEE - B - BB

B Ty kb (- TE - Ak WA
B_6 | ki (B BE - A - —&)

o | B [HERE GG )
B8 |LmAEE (WE - 58 &R
B9 | in&EaiE (KB - R - AW

" B—10 | kg (B - BR)

B—11 LLJI%(I’JUJ-E%-UJD)

B-—12 E (B - FN - BE - S
B—13 %nm(ﬁ% EE - BlE - k)
B—14 | B (HEA - B0 - BEVLEY)

® MR 3 T~ S B MRTHRIEL 72,

% LTFoaire, 7—2R5iE LRORF LT 5,

1

(120)



RIBRMTE LR RV EYIZ BT 5 MATH 3 HT 519

DIFEE LT, BREERILEE £EE 13oMBIcENL 24 U OTF— 325 Th D,
NG EETEREER - LIDRT,
2—2, RET7 - OIEMAERREIC & 2 BEEHAN

EATEILER A REEIBMATIC £ 2 1966 S0 5 1975 FEIZE S 10 EHOEF) A EAT
XoOERBELNREL, FNFN S—2r MIEBRLLT -2 Az, OREREESE
EEEWRHII O, 21 THRE LT —F2EFAMD — > MR THY
7z,

INLDT—=IERIZENEFNDOFHHFERDOFIZIRL ThH 5,

3. DOFHEHAHFEYLO

3—1. EXE ¢ ATE ORI

1. 75 DfEE ‘

Bt T — s W HEBOMR S T, H5WIFHL WEBHIC AT - TBRIE 112 —EnFllE
ThHLEINFERYT— 1f3, LEd T, RBFEROREPHSBRELTESLZ,
K] (e b b, F50H 5 i3 AR AER) DIRFIC % 6 XA ZNERRIT— 5 Th 5,

—MICHSBROERIE L TH L b LERI, EMEET (t) - HREEHC (t) -
FEIZENS (t) - AHAEE ] (t) 2R ENLDEEZ LND, KT, B
AEI NI T = DBEP N L DERDMEI MBI EREN2LDTHSE LREL, MEMN
ETNEEET L, Tihbb, TEFULEREMtLOBEF (t) TEHLT EmENETLIZOR
TREIN5,

FH)=TH+CH)+S()+1(¢) (D)

TR GsHin 7o 2 s #NFIBZERT 5,

2. Gt 7 vtz E FDFIE

1) BERFG 587

FERFEF (t) K& IN2EHEROFEORBIISEISTEEA V2, S35 ERA
DEEE - A S D2 BN TH D 2 &b 598 ihid ZoiE & ( Two way layout) TH 5,

—EERESBIE

ZoFE, FTERT— S D&EE A ELRE L ALY, 20K Th L BRELE
EHET 22 LIk N DHOBEOEEEARET 2 HIETH L, ZOEONEIR—2D
£z n s,

HEEEES (=104E), miz 1 FEHo A% (=12, H) TH3,

(121)



520 aiE— - FREk

®—2. ZEESEWONE

= % #) B AR5 BOHE E il SR EacEs
3 (Y))] Sy t—1 Vy=58y/(t—1) Vy/Ve Py
A (M) | Sw m—1 Vyu=Su/(m—1) Vu/Ve Oy
BmOEE) Se mX (i—1) Ve=Se/mX (t—1) Pg
EXE(T) St mXt—1 100(%)

ARMENBREIF-RETIT, KESHTHE (x), KBEIRTHECHE (x%) T
HHEWZ B,
FLHENEZFHT L LIk ), FEB L ALH»EEHOFTENL ) ZEE& % A
TWEPIIDNTRFTLZ LT 5,
2) RE&HDGH
BET— 55 AESMs 2 ML CIn2iE8tL, 2w TELon AEEL2HVT
TR L HEESE OB, 2O REEOFEILERILERE  (Link relative method)
ERWTT I,
EERIEEE
ZOFFEDEFEIZIROFIRIC L72H - TIT),
OEHADEEZ, ERANEE 100 & § A METHE GEIRIER) (CHRET L, 2B
ANTITh b s,

L H oM E
AT A o ¥

Q& AR NOEIRILENELEZ K> 2, FR)fEIZRRAE (Median) % B 5,
Q@&FHNERILEENDFYEMEL 1 AnfEx HEE X | 78 RICET,
DEADHERIEDFEMEICE TN T 2 EAMED 12 AREEL2 SHICES L, £460F
YifE% 100 & L72fefucEY L R Bon s,
® A48 CRAYI F (t) 2BL, 100f5& T2 & AEHFEERIY, »BLN 5,
3) ELEDOSH
HEEMEE 2 KD SO L BRI E S TUIH THEE Y 25783 2, 820 2@
RELTEEERTEDLENLIERD L T v RBEHEL, T— s RFIOMEm 2 EE L <
REY 5, EARDREUI RN F|EIC L > THRET 5,
4) ER—THREEH D 5T
mEgETL (D) 2BBLA2Z 2 LKROFIRIZL VKD 5,
OIERT 2 & AZEE) & Z OMEEE % B B < S8R — NRAIZEERY] CooiRsns,

HIRHE (%) = X 100 =(2)

(122)



WHE R ENRRTIEENC BT 2 MEHIDHR 521

Thbb,
Ci=Y.—Yt -+(3)
Q@FRFNC I3 Y DRESICHBIL TEETZ2EEZ LNEZ Ex b, YOIk L THEMRIC
EbT LN TES,

Tubb,
Ce Y=Y Y.
Y. Y/ Y. 1 4)

OUWRELEDRTEL L EE b & §5 &, BB 2BR-THIEE RS b T wiz
- THELNS,
Tabhn,

m:<§%-—QX1MW6 (5)
@AY be (284 L BB R S TIH TPRUNEE 2 ) B X, HRLHRY d Dl
%1323,
GOFFN d ZERILT 222108, RIBO B 27— RVIDBOALE S KT 5 2 &
TE 3, R d DIEERE o KR L - TR B,
] 3(de—dy)?
A -+(6)
GOTHRUEE D FENOMEILEOE (Run theory) 12k - THRET 5.
HNEH
B, T RVNDEMEIZDONT, FALDEROENEIZH L THE L AT 5
CEDENLOEO—EEETRL, FOHEIE LS, OB ERES RS, 22T,
5.z stz T — 7 RINDENS B (Random) THH & §THUTT— RIIDMEBNIZHT L
TREDH r DETHEE (7) 13,

=5 (N-2) +(7)

IDT—=IRINIE FNEEDFIRENOBE NV EIZ VD EDE 0T L b, EOHK ROYFHE

zNR):Eu»+ps§@N—n (8)

Kz, EOBRIENOEME & LI EFDGHABEICERDTHICIE DL I &b, FOTEL
o (R) (3,

(123)



522 aHE— - AL

0*(R) = 55(16N—29) {9)

DT EL, T RINOAHNETERREICL > THANE Z LN TE S, BHWT
FHEBEKES % (ERDMHNIE=1.96) NERBEICL > THEREMET 5,
5) av v 7T a5
OF — 7 BFNOFRFNEBMRE 7. (serial correlation coefficient) %Wk (=0, 1,
2 ) ICODWTHRIR L2 DE av v 75 4 (correlogram) &5,
QRFIFEBIRE e BRI L > TRDB Z L TE S,

Z(dt _gt)'(dt+k 'gtwtk)
\/2<dt - 5t)z-2(dt+k—a_’t+k)2

Y= ...(10)
I _
de (3B5FH t, deeld t 25 k BERIEEN 721G BRE G RT D Z N FNLDHE,
d:X deld 2N FROTFHE,

OEREBIZ DAY —E Th->TL %X, ZORVIOEMIZ—IEZ A &2 OBF
HhHEEREZRL, BEREHOHI, 2oL ) ZHBOBRICBWIFNFNE - 2 BE O
Whtd b, ZOWREGOIEREE RO RFEENIED Ko & - TEAH»TE, Z0H
BllZ oL 79 AOBIRIZ L » TIT S = 2 70 B,

@BEANS NI T— 2 RINDEREEVERET TH 2546, HREGOWF LTI 2L
V5L 0 T3 DODER I~ HRESN TS, 20 3 DOHGHER 2 R— 1 12R7,

I‘|

1S

T

+1.0

Tk
-\\ //\\\*1.O Hﬂ\\\\\¥
0 N K \
\/ ) 0 ' 0 *
-1.0 -1.01 -

(DR L E & AR (DA BB DTS B T RT ()@ sl A7
H—1 @ERESOEREN~av 077 L~

3—2. RET72DERMEBERE (Spearman’s coefficient of rank correlation)
2T e ONENARREFREL rs 3 ikRUz L » TRD B,

622 (i, — /)°
WNTI)‘ ...(11)

rs=1—

(124)



BT OB R RS BT 2 RS 593
T,
NZBEFLE, JEFROFINEERDT,
d i FFIZ BT 5 i O L OB T, HEDNS IR (1, 2, .
ey N) EBEDTLNTHREDOIEN, Leh->T, dud? i &) L/ Wz L1374
D iAIEBYTOEE L) EMICBIT 2EREEINAS VI EERT,
OZOBEEIL, T FDFHRA T A b OFER e b % DU 2 LED % F 72, FEH)
DEERZNDFE ) DEEL EIZODWTLLALREZLEE Lk, LrLads, 20K
FRT— S DBERIEMICEE M2 TH 3D TETOBERIEL DN L X ) RAEAKDH D,
QIBRTFBIREL 7s DREIL t —RTE TITI o
Thbb, NEOBRMINL CEDEC RN 720, ‘

io:|75|\/% , HHIE N-2 -12)

OB LT, t-SHEROHBEN — 2 DEOfEH HKES X THERE (%), K#E1%
TEHEICHEE (xx) THHLHEMT 2,

4. 73 H # R

4—1. EXH BEHOBRIIFIOLT
1. GEath
1) AT & 5 SRR - AESORE
SHFL 7216 DF — 9 RFNZDWT, 28 » AEBOSEIE F-REL 72, FOE,
LETCHT— 5 RIH LS & LICBECEETH - T, RIBBEMT M L EROEEH & OB
FINC L EER  AEBORBEOH 5 2 LMLz 7 (F—3),
2) #GH
SR F-BEic k) EER & AEBOGAIHBSNZOT, FOESRE B 7
(F—4), ZOKRE, &T—2RMzB T, MEBHOPIZ D EEAITKCIZERSAL N
72, —EEOERIEEER S A EROBF G L ) KX vz R LA, BEOTEROT— 5 R
FIB—2, 3, 7. 10IERAOBEIMIZL»T\b, 72, 7— 2 FFIB—8, 10, 1217
BELIIC & BEET 7 b bEELHOEAH S0%LLETh 52 X ARE N,
. HEBMOMT
GHL 72T — 2 R0 Tzow GERILEREIZ L - TABE2EE L 72 (E—5), ki,
ZOAREERCTT -2 FIIDE NN L AEBFEEERIE L, 20 s %, AESOME
(3 ZICELE S ECHTIC & ) REREL 72,

(125)



524

AHE— - AKX

=®-3. FEH L ALHOSE R—4 SEOGTICEPEEER(Y)
T | £ EEH| A LEH T3 | F BB | H L H| 8 =
A—1 | 164.266 | 43.672 A—1| 71.4 22.8 5.8
A—2 | 97.732| 37.635 A—2| 62.5 28.9 .
B—1 84;29 3;310 * B, B—1| 61.8 28.4 iz
B—2 | 12,508 | 27.785 FETGy=9, A EE =1L B—2 | 20.0 57.0 23.0
B G =99, 2 E 4 =119,
B—3 | 21.872| 53,040 B—3 | 21.4 65.1 13.5
B—4 | 31.798 9.779 Y E R, B—4 | 56.3 19.6 24.1
B—5 | 48.122 7.902 | F#(0.01)=2592 B—5 | 68.5 12.3 19.2
B—6 43.340 9.098 | F%(0.01)=2432 B—6 64.7 15.1 20.2
B—7 ! 10.576| 12.869 B—7 | 25.7 38.9 35.4
B—8 | 11.358 5.970 B—8 | 34.9 20.5 4.6
B—9 | 41.043 5.742 B—9 | 67.8 9.8 22.4
B—10 4.478 6.763 B—10| 14.6 29.7 55.7
B—11| 12.662 6.544 B—11| 36.8 21.4 41.8
B—12 9.923 3.664 B—12| 35.1 12.8 52.1
B—13| 16.178 7.648 B—13| 41.6 22.2 36.2
B—14 7.728 4.012 C—14| 28.5 15.6 55.9
x5, HIRIERIC L 5 &7 — 7 R5o Higk
&5 | 1R 2 H 3A | 4R 5H 6 H 7R 8 A 9H | 10H | 118 | 128
A—1] 81.5| 79.7| 96.0| 98.1] 101.5| 99.6| 109.1| 113.4| 104.6] 107.1| 103.8] 105.6
A—2| 8.1 74.6| 78.1| 70.7| 89.5 103.2| 112.3| 125.7| 114.0| 116.8| 112.4| 118.6
B—1| 88.3] 79.5/ 96.7| 96.6/ 96.2| 89.6/ 101.9 113.7{ 102.7| 110.5| 111.1{ 113.1
B—2| 58.1 51.8] 61.7| 86.9] 104.6] 118.2| 129.9 142.5| 125.9] 131.6] 111.2| 77.6
B—3| 63.0! 53.4] 72.0| 92.4| 105.4| 100.7| 114.8]| 142.7| 119.0| 120.8| 117.4| 98.4
B—4| 8.0/ 8.0 98.4| 95.9| 89.1| 8.5/ 99.5 112.2| 111.1] 103.7| 113.7| 113.9
B—5| 96.8] 85.8] 103.3] 100.0| 100.0| 88.1] 100.3| 99.0 99.1| 104.2| 106.8| 116.7
B—6| 98.5/ 85.5 100.3| 104.0 90.5| 84.6| 92.3| 106.5| 98.3| 109.9] 110.5| 119.0
B—7| 59.6/ 59.0, 87.7| 102.4| 112.3| 101.9] 116.8| 125.9| 102.0| 120.6| 110.6| 101.3
B—8| 8.1| 74.2| 89.9| 94.3) 102.7| 85.2/ 113.5| 122.4| 92.7| 109.8] 111.4 115.8
B—9| 96.6/ £9.9 105.7| 98.4] 94.3] 89.2| 95.8| 101.5| 97.0| 110.3] 104.7| 116.8
B—10| 47.5| 62.6| 92.8] 85.1| 95.5| 105.2] 120.2| 125.2| 117.0| 103.2| 133.8| 111.7
B—11| 93.2] 80.4] 103.0{ 77.3| 104.0| 88.4| 102.0| 111.3| 97.4| 101.0| 107.4; 114.6
B—12| 97.4] 89.2{ 207.7| 88.9| 91.4| 87.91 86.2| 116.6| 96.2| 106.8| 109.7| 122.0
B —13| 100.5| 88.3| 104.7| 95.0| 91.6| 76.3| 96.2| 103.0f 100.1| 109.6| 112.2| 121.5
B-14| 92.7| 94.2| 103.8] 95.6| 99.8] 81.0] 94.7| 114.0| 92.6| 101.4| 115.1 115.2

* Ty 7 OB RS S OfEI L2 NHEY B2 5 ARKTH D,

(126)




BB O RIIEE T 5 Gt R 525

ET = Z RN H4EE & B L 28R, BEFEEROT - RHMB—2, 3, 7, 1014
D12 DRFN & ZDHEDEAC R T B Z EXA LRI E -2, Thbb, 2O 4R 1 A,
2 AN ANBEHICER D DFEMIIBIT 2 HESFLCASCSAPELLKRENT & 35R
LTwi, #IZRHIB -2 (ZEdEETH D) BEFOEAIWHLA2TH -2, T— 2 75
A—=1, 2:B—1, 2OFERIE AEBRERERTIZOWT, M—2~512 2N FHRT,

3. FEEOERME

G L 727 — 2 AR50 10 M0 — AR 2 5T L 72 & 2 5,033 RO b Tldsod b

BB Th o7 (B—2~5BRHZ L), “RIEARBMEARE YU L T2 ERkRD L% 3,
Yi=A,+A; - t+A; - t? (13
ABEH) EEEA
80 4
2000
” A &gég ’ i ELH’— :
0 ad A RIS 3 R,
ﬁ}/ ;¥ 7%?\("1\%/ 1500 14 At 1 /’ﬁ#‘ﬂ
Il f R - zg 4 2 0 va
jﬁu L A "% i X ; vg“ =i
Ty Syt
ot T 1o & ' :
it wtx \ "y Yk
i §§§%m : UWQ"
h g L
0 _
4112 4202 4302 4402 b2 48027 4702 4812 4912 502 41,12 4202 4312 8492 45.02 4412 4712 4812 4942 5012
K—2 £E (A—1) Oo%iEEK R—4 £EH (B—1) OEBEHIEEKRNHR
FESB O (BFFI 41~50) (BRI 41~50)
?ﬁ@m RAR L)
il |
3 | : |
I‘Qﬂ f\) :1\* ;¢|+§] T
B, 7P | 1 PR R
VY |
;&k | SALAT R
TR \,ﬂ\)' | /]
it J .“ ,’\ i
ﬁiﬁgwl i V%@\, ) e i
© ﬁf‘fgaj/; >) J ! \ﬂ W
1 s AN
7 v G434 \Yf"‘d
’ 4102 4202 4312 4412 4502 442 ATI2 4802 492 S0 4112 A2'.|2 4302 4412 4512 4402 L7027 4842 492 BO2
H—3 dumdE (A—2) OXBHER HM—5 deigE (B—2) OBHICERDHEF
SR MR (B 41~50) (BBFI 41~50)

(127)



526 A - ARk

ZIT A Ay ADMERRUNIRRE TR, B IET— 5 2 EEETH -
OTHENK, t=— (2n—1), «, —5, —3, —1, +1, +3, +5,
o+ (2 n— 1), nidENKR,

BoNTSREC &) R 12 KT 5 RIIO RIS & E— 6 1R

£~6. &7 — 7RI R OB R-1. iAW BEEK
5 A, Ay A, R H ¥ | B E | HEREE
A—1 0.599x10° 0.299X10"'| —0.240X107* A—1 3 43.33 40.48
A—2 0.236X10* 0.664x107%| —0.112%x107® A—2 7 42.67 39.09
B—1 0.135X10° —0.963X107%| —0.319X107* B—1 9 42.33 38.39
B—-2 0.707 X 10° —0.452X107°%| —0.233X107* B—2 7 40.67 39.09
B-3 0.149x 10" 0.406X107*| —0.339x107* B—3 15 38.33 36.30
B—4 0.156 10" 0.208X107*| —0.435X107* B—4 9 39.33 38.39
B-5 0.239Xx10* —0.279X107%1 —0.626X107* B—5 11 43.00 37.70
B—-6 0.169x10" —0.281Xx107%|—0.322X107* B—6 21 38.33 34.21
B—7 0.433x10° 0.270X107*| —0.127—10"" B—7 33 31.33 30.03
B—-8 0.620x10° —0.559X107°% —-0.131x10™* B—38 27 32.33 32.12
B—9 0.138X10* —0.207X107%| —0.274X10°* B—-8 21 36.33 34.21
B —10 0.199x10° —0.134X107%| —0.475X107° B—9 — — E—
B —11 0.955x10° —0.642X107%| —0.205X 107" B—10 5 41.00 39.79
B—12 0.644x10° —0.132X107*| —0.156 X107* B—-11 — —_— E—
B—13 0.917x10° —0.673Xx107%| —0.188x10°* B—12 13 38.67 37.00
B—14 B—14 E— E—— E—

* LR R IR A ) K i 5 9% D
4. PR THAZESE O 5
1) 1B O
AEBRREE R, S Y (093) 2 I bR < 2 &l & ) 1EER — THBIZE RS b o2F
Bonr, KT, &7 = ROTRUWER & BETFLE (ERFIOFLIIE TI0mT)
£ o TPBELBRZESAT d Z o L2, ZOR5 d DEELL 2250 & > TET—
RN % BB L 72858, BRI E- &2 ) L@ s AL, BEIFEHERO LW bb,
FEPAEMTH-725DT = RHA-1, 2:B—1, 2, 11iz>w THRELL 21ERE
B M6 ()~ R,
2) THRUEBDFAIZDNT
NRAEEDED TN Z 7T 2 (histogram) 2 ZEicdk» T, &7 — 5RO
AHRNEE DD 22T L2, ZOGMTE, T— 7 807% < 2o iU BRI 70 IEHL5 A7 it

(128)



SCHBFE EORRFVERCBE T 5 MRt EISHT

H—6—(0) RIA—1OERETHOME (IKIERS)

100

p110

v

B—6—(c) FFIB— 1 DBREHOGHE (ZIKERHR)

A A

=3

w VAR

R—6—@) RFIB— 2 NERE @m%% (IR

A ) wf\m

|
o

R

H—6—(e) RFIB—11 NBEREE D5 _/Mtﬁﬁ%i

(129)

20

FREQUENCY

527

>

h!

~
S

FRENUENCY

10

Q——F— @
R—7—(2)

FHA— 1D
TRUNEFHOL XL 75 4

—
m/fz nENSN]
Qe ———t+—— @

M—7—0b) RFIA—20
THWEGSNOE R 7T 4

20 .

. I]

A

]

1111

X-—17

Q¢ ———F—— @
—() RFB-1n

THRINEFHOE R+ 7T 4



528 HH

ol

— - FHEMX

~

o
~
=3

M ]

¢ : N

£ Vzﬁ % £ / \i

10 7 10 ’._
Qe——F— Q ——+——

H—7—(a) F— 7 —(e)

FIIB— 2 DTHBEHOL 2 b 75 4 IR — 11 ORBAEHO L 2 b 75 2,

IO ZEPRL T 5,

FIFOIER, BEFELHEKN L T =Rl BT ZOBRsHRE Nz, TR
FIA—1, 2&B—1, 2, 1 OFHRNEBOEE SR L, &7 — 5 RAIOERY L ER AL
DA E B — 7 —(@)~ (2R,

5. 2La 77 LT

AL 72T 2 RYIDERESOWE M2 72012, FT—FRFIz2»~T, Wz k)
Ked 72 RHAERAGRE re BRI OV TV 2L R 7T LD E 5T L 72, 72720, FiRsE
EBRDT— 2 RHNB—10, 12, 4120 TETHEBOGHPEE Thhr 722 & Lot
IS SN A A

BEBUREEENRFIA—1, 20aLra I L0 M—8—@I2 7T, BHIEEKNE
BHNIFTHE L L7 11 BHUD S 0D 9 — 2 [ZEHTE LD TFNER—8—0)~(DIZRT, =
NHDRESHL 2R, &RFND2L 07T 23T NTRARESHOERRFNTHLZ Lirb

x
5
6y
g
% 4
yx
K
H— 8 —(a) B— 8 —(b) HHICEHRT
THEBHFEEGERY] (A1, 2) DAV T I T L (B—1, 3, 8, 9) mavr 3754

(130)



BEHF E ORI BT SR

il A

+1.0%

i

P

0. 00

: ‘. ;/ fféiix 0. m)L5 80.00 0-e2
H f H
1.08 1.0 .
H— 8§ —(c) j— 8 —(d)
ERFEEHRSRI] (B—4, 5) DAV F7 T BHEEHFF] (B—2) narv I 794
+1.0% - - +1.0°
& (\?\\/\\ Hoa
5 s \‘\l ll %1 ;
182 W 18
Lo - A
%2 | @3 \
% ‘ #®
3 ' g
0% I 0 .\A ! —t
o B «0:11 "ol oo 1w 2000 [30.00  up. 00

50,00 §0.00/  70.00 &g o0
- K

BE P

L

>

v %;: —
-

— 8 —(e)

— 8 —(f)
ERFEERSRY (B—6, 7, 13) :»av 754

BIREEHRY] (B—11) mav I 754
o 72hs, FDRENCOGTIEBEETL 2 -2 (H—1BR), BHRITEERRND S5 DD ey —
RN RS NS DR, RFIB 11 (HM—8-—(0) 129 & iz F Iy <5 — >
2R Tz,

6. £i5

SHTOFER, EERRE R EREEE DT — 7 RV OERFEEIZOWT, KDL
3 7 EHTE b AT T 12,

1) BEAHE LD, T S0T— 5 RINLEET L HEHOBE I AE W2 Ehtbro
72y ZOMBEINEGERDGH L, HET—FRHEICKRELERY»H L RSN, Wl
BN FEIZ B D MR O 1 HREIZ % - 72,

(131)



530 aE— - HHENE

2) REEOGITz LY, BREEHORIIB—2, 3, 7, 103MORFIOMER L4 L5
MIZR STz, ZnesnRY (oigsd - 140 - dbke - L) 23N TR IS Th 5 2
LiZEHZRNS,

3) MHE LT =R HEREBZMB L oL 07T 25k LR, 77D
DB BURBREESDARART Th S 2 ErmRENT, FORMICHOVCTIIBEERIN
Zep o120, RIB—11 OB H L Vid- &) & LBt 2L 2,

4—2. RE7 T OIRMABREIC L 5 REBIHTICOVT
1. EBATH & WEBEME G AES 5

HERDEITE L WBERBEEGE D —v > F OB E2E—S8, 9IZRT, 272, 2T —
2, MBI OV TR THEL 228 7+ DIBVHBREOME F 2Lk
—10, 1129, MERAEREfR SIS EE OMHED 22 Th 5,

1) #7=

ETRIZZO 10 FMICRBIZHEINL T\ 5 (98,421 T u ——282,705 T%w), 242
DWW THERIAER Ry 5 AEEiEm 2z o L 28, 1 F~6 BALENMHEBE®RZLTC7AH
~12 AnBBUhAEDHBEREZ R L 72 (F—10), T4 b b, ETREREMO—EIZH LT T,
BB A stghn L o A WAMBRIc h - 12 2 b B L0k - 72, , $ETAYIC
2, 4A»mELTIO0, 11, 12 APEPERIC B TEEIZAE X o> T,

I LB RE T 9 FR DM & T2 &, ETEREERICSTL#MNL T
T2 PIRGAER R AT EIC A L, TN 2@m02 R TBY BRE I E-T

K-8 OADAUETED S—£> |}, 1966—1975

1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
1 H 6.31 6.59 6.72 6.82 6.99 7.52 7.73 7.94 7.53 7.42
2 A 6.62 6.84 7.04 6.94 7.06 7.38 7.76 7.35 7.25 8.09
3 H 7.80 7.98 7.95 7.95 8.01 8.34 7.86 8.49 8.23 8.01
4 H 7.65 7.87 7.76 7.95 7.86 8.07 7.80 8.18 8.19 8.40
5 A 7.93 8.43 8.32 8.38 8.22 8.52 7.88 8.37 8.54 8.55
6 H 7.86 8.22 8.10 8.26 8.19 8.28 8.03 7.82 8.26 8.43
7 A 9.16 8.70 8.80 8.92 8.73 8.72 8.52 8.80 8.10 8.12
8 H 9.26 8.93 8.96 8.67 8.68 8.58 8.62 9.41 9.12 8.77
9 A 8.88 8.54 8.62 8.66 8.73 8.55 8.09 8.81 8.93 8.84
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12 A 9.94 9.73 9.62 9.53 9.55 8.96 9.67 8.02 9.10 8.96
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1 B 6.14] 5.88) 6.32 675| 6.67| 7.18] 7.47] 7.53] 6.85 6.98
2 H! 6.10] 5.8 6.46] 6.55| 6.68 6.60] 7.00| 7.30] 6.74] 6.75
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6H—9 A | 36.52| 36.29] 35.81 36.16| 36.21| 35.54| 34.62] 35.06] 35.23] 34.65
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@ JEAT AR R fR % -2 > WA AT BY R 8 '
A YT IEEIEEEIE a

1 H 0.842 ¥ * 0.650 1 H 0.794 % * 0.976 % X 0.800 *
2 A 0.879 % X 0.567 2 H 0.879 % * 0.885 % * 0.867 % *
3 H 0.618 0.275 3 H 0.612 0.600 —0.117
4 H 0.806 * 0.000 4 H 0.594 0.333 —0.483
5 A 0.491 0.358 5 H 0.718 % 0.403 —0.550
6 A 0.355 —0.633 6 H 0.745 % 0.221 | —0-600
7 H| —0.676% —0.867 ¥ 7 H| —0.433 —0.673 % —0.900 * *
8 H] —0.079 —0.783 % 8 H1l —0.906%* | —0.927%% | —0.550

9 H| —o0.285 —0.133 9 H| —0.879%% | —0.927%% | —0.233
10 A| —0.870%* 0.275 10 H| —0.430 —0.115 —0.083 j
11 A| —0.809%* 0.683* 11 A —0.539 —0.948 * * 0.325
12 H| =0.767*% | —0.050 12 H| —0.685% —0.091 | 0.183
() HEEOT — 2131965 —1973D 9
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HE L7205 1975 (BRI 50) EEIZE - CFABHFDERPIC > TE TS (K—2,
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72,
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122 DMEIE WD H -7z, HMAICEmEE 21, 2 BICEMMEMCB W THEED b it
BECHEETHDLZ EhRENn (F-11),

2. BBEHICE O AL ST

HARDGHFHILE R D ~— 1> P DR L2 F 12107 F, 72, 27— % LdLiEED
BRIEERIZ OV TR THEL 2 AT <2 DNEHEBEENE £ 13 125573, a6
¥ Tl & REOHEHEY 22 Th 5,

ERTEERD 10 FEOHR I ERAE S IZIZR LER2 R L Tws (K—4, 5E),
Z AU W TIERARBIR B £ ) AEEMER % 47 L 28R, BiERoEn SIITR L TH
LI rimEANS, L Lads, MECEE: -3 EEREK» 2, 3, 9A8%FLT
ALiElR 1, 9 HNATH ) FHILER D AEEMEM DS —HR T w2 & 2R L Twiz(F—13),
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x—12. QAL WMEHILELHOHI <—+4> F, 1966 —1975

1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
1 H 7.57 7.36 7.13 6.93 7.38 8.01 7.88 8.23 7.51 7.40
2 A 6.57 6.41 6.41 6.81 6.80 6.42 6.86 7.37 6.83 6.87
3 H 8.39 7.58 7.82 7.87 8.22 8.17 8.09 8.66 8.68 8.65
4 H 8.43 8.58 7.95 7.93 7.58 8.06 8.18 8.23 8.24 8.12
5 H 8.14 7.49 7.29 7.80 8.46 8.86 7.71 8.86 8.27 8.28
6 H 7.55 7.40 7.56 7.35 7.69 7.00 7.50 7.36 7.54 7.69
7 H 8.19 8.85 8.64 8.16 8.83 8.49 8.28 8.71 7.44 8.66
8 H 9.67 9.84 9.30 9.76 9.23 9.48 8.92 9.21 9.09 9.63
9 A 9.13 8.79 8.40 8.88 8.75 8.44 8.03 8.28 8.23 8.14
10 H 9.08 9.58 9.48 9.21 8.80 9.09 9.64 8.93 8.80 8.38
11 H 8.63 8.68 9.92 9.41 9.04 8.93 9.25 8.46 9.88 9.06
12 H 8.75 9.43] 10.10 9.88 9.23 9.04 9.68 7.71 9.50 9.11
12H-3H 31.28| 30.78| 31.46| 31.49 31.63| 31.64} 32.51} 31.97| 32.52| 32.03
6 H—9 H 34.54| 34.88| 33.90| 34.15| 34.50 33.41; 32.73] 33.56| 32.30| 34.12
z M 34.18| 34.34} 34.64| 34.36| 33.87| 34.95| 34.76| 34.47| 35.18| 33.85
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B x| & & @ | = e @J

1 A 0.418 0.903 * * 0.377 —0.427

2 A 0.791 ** 0.139 0.782 % * —0.049

3 H 0.661 % 0.176 0.069 0.270

4 H —0.091 0.248 0.063 0.517 *

5 A 0.530 0.340 —0.274 0.721 %*

6 A 0.076 —0.297 —0.304 0.240

7 H —0.091 —0.152 —0.410 0.602 *

8 H —0.558 —0.367 —0.311 0.189

9 H —0.830 % * —0.721 % —0.204 ~0.187

10 A —0.536 0.030 —0.225 0.390

11 H 0.218 —0.152 0.331 —0.664 * *
[T A —0.152 0.248 —0.229 —0.860 * *
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Hydraulic Transport of Solids in Pipes
Part 6. Effects of Particle Concentration and Diameter
Ratio on the Flow Pattern of Solid-Liquid Mixtures
and on the Vertical Diffusivity

Kyokal Okuda and Hideaki Yamagishi

Abstract

The authors present two items of model test results for the mechanics of solid-liquid flow in hydraulic
transport pipeline.

The one is the effect of particle concentration in pipe and diameter ratio of particle to pipe on the flow

pattern of solid-liquid mixtures as expressed in the following form :
CxFrdl®x (d/D) *7728=(.5333,

where C Is particle concentration in pipe, Frdl particle Froude number at the flow pattern transition from -

“moving bed” to “asymmetric suspension”, and d/D diameter ratio of particle to pipe.

The other is the effect of both particle concentration and diameter ratio on the vertical diffusivity as
illustrated in the paper.
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CHARACTERISTICS OF FUEL FLOW RATE
OF A CARBURETTOR ENGINE

Shigenobu Hayashi and Norihiro Sawa*

Abstract
It is necessary to feed always an appropriate mixture into the cylinders for reducing the exhaust emissions
from an automobile gasoline engine. Therefore, on the practical gasoline engine, we must be well known in

respect of the state of pressure wave characteristics on the throat of a carburettor, by reason of, it is very large
influence to the fuel flow rate.

In this paper, the authors have measured in respect of the relationship between the position and opening
angle of a carbrettor, the length of the fuel injection pipe, the length of intake manifold, the engine revolution
speed and fuel flow rate by used crankcase. compressed two cycle engine.

Moreover, we have investigated by compaired these results to numerical calculation results on unsteady
characteristics of a simplified carburettor only for the main fuel system.

Some conclusions reached are summarized as follows.

(a) The fuel flow amount from a carburettor decreases in inversely proportional to the amplitude of pulsation
wave in the throat of carburettor and is partly governed by the matching condition q.

(b) When the throttle valve of carburettor is small opening, the fuel flow amount increases with the engine
speed and the length of main fuel pipe, because of the inertia effect of liquid column in main fuel pipe.

(¢c) To prevent the variation of air excess ratio, the utilization of a Helmholtz resonator with elastic membrane
1s effective.

(d) When the throttle valve of a carburettor is rapidly closed, the fuel flow rate is remarkably decreased and is
violently fluctuated before reaches a given value in the stationary operation. This fluctuation period is

approximately equal to the natural vibration period of liquid column composed of the fuel injection pipe and
the float chamber.

(e) Such a variation of fuel flow rate can be observed in the case of accelerating operation.

1. Introduction

To reduce the exhaust emissions from a carburettor engine, it 1s necessary, during not
only steady but also transient operation of it, to feed always an appropriate mixture into the
cylinders. Recently, basic researches-®on carburettor have been actively out, resulting
in considerably better understanding of its fundamental characteristics.

Since pressure wave in the intake pipe of an engine used in practice changes compli-
catedly according as the intake pipe system and operation condition, however, it is difficult
to forecast, based on the carburettor’s fundamental characteristics, fuel flow amount at each
operation condition unless the realities of the pressure wave in intake pipe are understood in
detail. Although many authors described, on the other hand, the amount of breathing air,
they did not almost touch upon the possible effect of the pressur wave on fuel feed condition
so that many problems are left unsolved. ’

It is possible to discuss the suction process of a four-cycle engine similarly to that of a

* : Prof. Faculty of Engineering, Ibaraki Univ.
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two-cycle engine and dependence of the pressure wave in intake pipe on the operation
condition, the wave’s effect on the carburettor's character etc. may be treated in the same
manner. In order to investigate the influence of various factors on the fuel feed condition of
a two-cycle engine provided with an AMAL type carburettor, the author has experimentally
examined the influences of position, aperture and dimension of the carburettor, the length of
intake pipe and examined to some degree the relationship with the experimental and
numerical-calculation results on unsteady characteristics of a so-called simple carburettor only
for the main fuel system so that these data are described in the following.

2. Experimental Apparatus and Methods

2.1 Carburettor experiment

Fig.1 shows an experimental apparatus, which is composed of a Nash vacuum pump 80
NV5M (maximum flow rate 4.5 m®/min), a surge tank, a rotary or poppet valve for producing
pulsating and intermittent air flow, piping, a carburettor, a round nozzle and a surge tank for
measuring air flow rate, a fuel flowmeter etc. TFig.2 shows the structure and main dimension
of the carburettor to be tested, where a float chamber is separated from its frame and the
main fuel pipe system 1is independent of the low-speed one so as to measure'the respective
fuels. A throttle valve of the carburettor can be finely regulated and flow resistance coef-
ficient ¢ of the whole main fuel injection pipe composed of a fuel including needle bar and
a fuel jet was obtained from the result of steady-flow experiment for each carburettor
aperture, X. The flow resistance coefficient is given by a relation

$pn= (atp)/ | R |
as shown in Fig.3, where ¢ and f are constants and R, is the Reynolds number. While o and
A depend on the carburettor aperture and the flow direction, they are approximately constant
for full aperture (X=0) , @=30 and =7 - 103,

Similary. the flow resistance coefficient ¢, of the idle fuel injection pipe system is shown
in Fig.4. The fluctuating pressure in the carburettor throat is measured with a strain-gauge

FUEL FLOWMETER

MANOMETER

———

AIR RouND NozZZLE

PRESSURE INDICATOR

THROTTLING VALVE

VALVE

ROTARY VALVE
R
POPPET VALVE
MANOMETER SURGE
TARK

NASH 1

VACUME PUMP

MANOMETER

RECTIFYING TANK

S U |

SLOW FUEL JET
FLOAT CHAMBER

FroM FLOAT CHAMBER =~ IN FUEL JET
INSTANTANEQUSLY FUEL FLOWMETER

Fig.1 General layout of testing apparatus (carburetter experiment)
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type pressure indicator, the average negative pressure with a manometer and the instan-
taneous flow rate of fuel with a capacity-type instantaneous flowmeter (see Fig.5)®, which
was trially assembled by the author. In the experiment, the required sinusoidal and inter-
mittent, half-wave rectified-one-like pressure wave are approximately given to the carburet-
tor throat and its fluctuating pressure, the instantaneous value of fuel flow rate and its
average value and the average amount of breathing air are measured. Such experiments are
repeated for respective condition.
2.2 Engine experiment
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2.2.1 Stationary operation

The tested engine are crankcase compression two-cycle one, which have dimensions as
shown in Table « 1. The used carburettor is a standard product, which is the same as that in
the carburettor experiment. The experimental apparatus is, as shown in Fig.6, composed of
a round nozzle and a surge tank for measuring the amount of breathing air, the carburettor, an
intake pipe, the test engine and an exhaust pipe. -

FUEL FLOWMETER

™~ MANOMETER

~NOZZLE

AIR

THERMOMETER

=;
ROUND
g/

THERMOCOUPLE
~ )
SURGE TANK I
g — Ls —
@ '
L
- Le TEST
~ e .
= B L T L2 ENG INE
i P
[+ o g
| ; O o
g g >
= g
Bd ; pressue mmicaToR 5| Sroar
I | CHAMBER

Fig.6 General layout of testing apparatus (engine experiment)

Table 1 Dimensions of test engine

T Symbol E-50 E-120

——

Cylinder bore x Stroke, mm |40¢ x 39.8 [52¢ x 51

Stroke volume ce 4g.8 118.9

during inlet open pesiod co | 61 390

Jompression ratio 7 1 7.28 @ 1

Inner dia. of inlet pipe mm 14 20

Port timing Scavenging +55(B.D.C.){£58(B.D.C.)

(symmetricall)lp, psist +67(B.D.C.)|+76.5(B.D.C.)
Inlet +60(T.D.C.) |£60(T.D.C.)
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In addition, a manometer and a strain-gauge type pressure indicator are inserted for
measuring average negative and pulsating pressures in carburettor throat and a venturi-type
fuel flowmeter is setted between the float chamber and the fuel tank to measure the average
fuel flow rate. With the float chamber separated from the frame, only the main fuel system
is made to work, it length I, being selected variably according as the experimental purpose.
Another strain-gauge type pressure indicator and a top dead center are installed to measure
pulsating pressure immediately before the inlet port and in the crankcase, respectively. The
experimental procedure is as follows. At first, the given intake pipe length Lg, carburettor
aperture C and its fitting position [ are set and the engine is made to start by means of an
electric dynamometer to enter into driving operation.

Since combustion fluctuation can cause the variations of the amount of breathing air
and fuel flow rate, the engine speed is consecutively changed from 1500 rpm to 6000 rpm
usually under the motoring operation and after the temperature of ignition plug seat becomes
steady at each engine speed, the amount of breathing air, the fuel flow rate, the negative
pressure at carburettor throat etc. are measured.

Similar experiments are repeated with the setting condition changed. The pulsating
pressure at each part is further measured and recorded under a representative condition.

Since it is difficult to measure accurately a minute flow rate of fuel, the measured values
easily fluctuate and such a slight variation is magnified if it is expressed through excess air

12

1

13

14

Fig.7T general layout of experimental apparatus (transitional operation)
1. Laminar-flow typed air flow-meter, 2. Manometer, 3. Carburettor

4. Capacity-typed pressure indicator, 5. Main fuel jet,

6. Capacity-typed instantaneous flow-meter, 7. Vinyl pipe,

8. Float chamber, 9. Displacement-meter for float,

10. Measuring probe of fuel level, 11. Fuel flow-meter,

12. Fuel tank, 13. Pressure indicator, 14. Test engine,
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ratio, with a larger fuel jet than normal one the experiment is carried out within a range of
rich mixture.

2.2.2 Transitional operation

Fig.7 shows a general layout of the experimental apparatus, which is mainly composed of
a laminar-type instantaneous air flow meter(l), a capacity-type pressure indicator(4)5) and a
capacity-type instantaneous flow meter(6) for examining the behavior of fuel flow, an in-
dicator(9) and a probe(10) for mesuring the displacements of the float and fuel level in the
float chamber(8) and a test engine etc.

3. Experimental Results and Considerations

3.1 When carburettor aperture is large

3.1.1 Tuning of residual pulsating wave and fuel flow rate

When intake pipe length L; is kept constant (Ls=88cm) and the carburettor with
aperture C-8/8 (o/8 in a symbol C-o/f expresses hereinafter aperture area ratio) is brought
close to the engine side, the amount of breathing air G, changes with the carburettor’s
position by 1 to 2 9 only of delivery ratio K but the fuel flow ratio G, is, as shown in Fig.§,
remarkably decreased and it further is varied widely at a particular engine speed N.¢® Fig9
shows the experimental result of Fig.8 rearranged in terms of G,/,/AH for the purpose of
making more vivid the influence of residual pulsating wave. Fig.9 also comprises the
maximum value AP* of positive pressure wave, determined from oscillogram of pulsating
pressure at the carburettor throat as well as the cycle number of pulsating wave in the intake
pipe during one revolution of engine (from an intake opeing, 1LO. to that in the next intake

Dprocess).
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throat AH and engine speed N (Engine E-50) and engine speed N (Engine E-50)
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In the figure, G,/,/AH curve changes approximately at a specified value of engine speed,
its ups and downs appearing near q=n+1/4 (n=integer such as 1,2,---) and g=n-+3/4,
respectively. Generally, a pulsation coefficient g* is given by the following formula :

q*=15- a/N (Ls+Al) (D)
Where a : propagation velocity of pressure wave within the intake pipe (m/sec)
N : engine speed [rpm)
L, : intake pipe length (m)
Al :corrected length of pipe end [m]
When q*=n + 1/ 4, the negative residual pulsating wave and the inlet opening 1.O. overlap
so that the negative-pressure period of the intake process lengthens as shown in Fig.10.

When g*=n + 3 /4, the negative-pressure period shortens on the contrary because the
positive wave and [.O. overlap. In the former, for this reason, fuel outflow is promoted, while
in the latter it is prevented. Since g* corresponds to the above-mentioned q, it can be seen
that undulation of the G,/,/AH curve depends on the tuning of the residual pulsating wave.
If a carburettor is mounted at open end of the intake pipe, influence of such a residual
pulsating wave is comparatively, slight, as can be seen on the G,//JAH carve, Fig.9, for [,/
l,=0/78 (Engine E-50, L¢=88 cm) as well as on an excess air ratio carve (E-120, Ls=88 cm),
Fig.11, even in the case of a longer intake pipe. Since the wave’s amplitude is decreased for
shorter intake pipe, its influence is gradually lowered and not almost observed at Ls=16cm
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Fig.11 Delivery ratio K, excess air ratio A

and engine speed N (Engine E-120)

Fig.10 Pulsation factor q* and superpose

of pressure wave Symbol M : motoring, F : firing
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(see Fig.11).

For either motoring or firing operation (comparison between the marks A and @ in
Fig.11), values of the excess air ratio are, even when the exhaust pipe length L. is lengthened
and the delivery ratio K remarkably is changed, almost unchanged only if parameters L, {s C
etc. of the intake pipe system are the same.

3.1.2 Carburettor position and fuel flow rate

In the experimental results shown in Figs.8, 9 and 12, even in a range of ¢ > 3, the fuel
flow rate G, and the value of Gf//ﬂl— are more decreased the more the carburettor ap-
proaches the engine side. This tendency can be recognized within all the engine speed range
and its amount is considerably large.

Now, draw a diagram representing a relationship between the fuel flow rate G, and the
carburettor position Is, s corresponding to a length from open end of the intake pipe to fuel
injection port of the carburettor, estimate the value of fuel flow rate Gy, at a point corres-
ponding to [;=0 and plot G,/G,, against /s/Ls, then Fig.13 can be obtained. Experimental
result for various values of the intake pipe length L, the engine speed N, the carburettor
aperture C, the fuel jet hole diameter d, etc. of an engine E-120 are also shown in Fig.13, the
fuel flow rate G, in each case is more des
creased the more the carburettor approaches

g\ the engine side. Such a phenomenon cannot
3

be understood on the basis of influence of the
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so that it is suggested that it is necessary to treat the flow in injection pipe as unsteady flow.
In order to investigate the fuel flow rate characteristics in the case when pulsating pressure
wave acts on the carburettor’s fuel injection port, the values of instantaneous fuel flow rate
G/, have been numerically calculated and experimentally examined on a simple carburettor,
which only a main fuel injection pipe works. If the influence of fuel in the carburettor’s float
chamber, the compressibility of fuel liquid column in the main fuel injection pipe etc. are now
neglected, then the eqguation of motion for the fuel liquid column in the pipe is given by the
following :

(/)X +pn/28) | X | X+X=Apu/ s )
where

Iy :length of the main fuel injection pipe (m)

g : gravitational constant (m/sec?)

X : displacement of the fuel liquid column [(m]

Ap,: pressure difference acting on the fuel outflow port and the fuel surface in the

float chamber (Kg/m?)

¥s © specific weight of fuel (Kg/m?]

" ¢m - flow resistance coefficient for the whole fuel injection pipe

As for the last-mentioned drag coefficient, its value determined in steady-flow experi-
ment is to be used. While the pressure wave within the intake pipe of an actual engine is
that of damped oscillation repeated every revolution, for the simplicity of problem it is here
assumed that the following pressure wave of undamped oscillation :

APy=Ap * sin wt+Apx ++(3)
acts continuously on the fuel outflow port and based on Eq.(2) the instantaneous value Gy=
ys+ Ay« X, where Ay is the cross-sectional area of the main fuel injection pipe(m?), of fuel
flow rate are numerically calculated by the Lunge-Kutter-Gill's method with an electronic
computer FACOM-231 in the Calculation Center, Muroran Instetute of Technology to deter-
mine the average fuel flow rate G, [g/sec) per cycle.

On the other hand, Fig.14 shows a relationship between G,/Gns and the amplitude of
pulsating wave Ap and the steady negative pressure Ap, on the basis of the value of fuel flow
rate Gns, calculated from the relation on ‘steady flow, in the case, where only the steady
negative pressure Ap, acts (Ap=0).

In the same figure, G,/Gns is more decreased the large Ap is and the smaller Apn is, it
being approximately equal to 0.42, for instance, when Ap/vy,=2 m and Ap»/7,=0.6 m. This
is caused by such facts that the drag coefficient ¢, is a function of the Reynolds’ number Re
and that the fuel flow rate depends on the inertia of fuel liquid column in the injection pipe,
a counterflow phenomenon due to the pulsating positive pressure wave etc., the calculated
value coinciding well with the measured one (shown with ® mark in Fig.14(A), Apn/ 7,=0.6
m) in carburettor experiment. According to the numerical calculation, the fuel flow rate G,
is increased with increase in angular velocity w(rad/sec]of the pulsating pressure wave and
approaches its value Gns in the case, where an average negative pressure acts, so that the
influence of Ap tend to be decreased. As for an actual engine, the angular velocity w of
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—_

pulsating wave in its intake pipe is given by
w=2ra/4 - Ls+Al)if the intake pipe system
being considered to be a pipe with one end
open and another closed, so that the intake

pipe length Ls mainly determines w. The
: . . AR=APSinwt+AP, \1&
results of basic analysis on carburettor will be \O\Sm
w=104.7 rads 2

applied to an actual engine and it is possible to \

conclude that the longer the intake pipe length 0.4 m

AR /ry =

o Crny/Grms
7.

Lsis, the larger the amplitude Ap of pulsating
wave is and the smaller the angular velocity w Eal (3) E-50 L=88cm

=0

S e A N=1500
and that the higher the engine speed N is, the é “Ad A 2400 rpm
larger the carburettor aperture is and the more  © /?!‘H:(/ir“:ops \\% R Efij‘;;"jf
the carburettor approaches the engine side, 5 SL w=600rads I el ® 82
the larger Ap is. Since the longer the intake "0 2 2B, m

pipe length Ls is and the higher the engine

. . Fig.14 Ratio of fuel fl te Gm/Gms, G4/G
speed N is, the more the steady negative '8 atio of fuel flow rate G/ oG

o and pulsating pressure wave
pressure Apn 18 increased, on the other hand,

they have opposite effects to each other.

As can be also observed in the experimental results, Fig.13, this results in a conclusion
that the fuel flow rate ratio G,/Gs, mainly depends on the carburettor aperture and its
position. Further, Fig.14(B) shows G /G s, instead of G,/G ns, determined from the results
of engine experiment (Figs.8 and 13) and it is plotted with the maximum amplitude Ap (see
Fig.7), instead of the pressure amplitude Ap, of pressure wave obtained from oscillogram in
order to make clear the influences of Ap and Apn».  Fig.14(B) also comprizes, with dotted line,
the calculated values of G,/Gns, determined from Egs.(2) and (3) with negative pressure
Apwm/7-~0.05 m and the angular velocity of pulsating wave w=2ra/4(l.s+ Al)=600 rad/sec,
which are approximately average within the experimental range (N=1500 to 4200 rpm) of the
tested engine E-50 (Ls=88 cm).

Although the pressure wave in intake pipe is a damped pulsating one, which is repeated
every revolution, the experimental values coinside considerably well with the calculated.

Consequently, the decrease of fuel flow rate G, and G,//AH when the carburettor
approaches the engine side is principally caused by the unsteady characteristics of the
carburettor due to the increased amplitude of pulsating wave acting on the fuel injection port
and this is also affected by the residual pulsating wave under superposed condition as
described in the preceding section, so that it has such a remarkable influence as brings about
imposible combustion at a particular engine speed.

3.2 When carburettor aperture is small

3.2.1 Engine speed and fuel flow rate

In the case of a large carburettor aperture (for example, full opening C-8/8) as described
in the preceding section, the value of G,//AH approximately the same irrespective of engine
speed, if the undulation of G,/ /AH curve(see Fig.9) caused by the residual pulsating wave
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under superposed condition are neglected. This is also observed from the curve of excess air

ratio A {(points marked with ® and O) in the experimental results (see Fig.15) on engine

E-120. When the carburettor aperture is
engine-brake operation, on the contrary, the

smaller, C-2/8 to C-3/8, as during low-load or
higher the engine speed N is, the more both the

breathing air amount G, and fuel flow rate G, are increased but since the latter’s increase is

. . . R . & R
more remarkable, the excess air ratio A is, as shown with the points O, ® and 4, Fig.15,

gradually decreased. Fig.16 also comprizes oscillograms a, b, ¢, -+ of pressure wave at the
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Fig.15 Excess air ratio A and engine speed N
(Engine E-120)
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Fig.16 Pulsating pressure in carburettor throat

)
o 1 A b ‘CZS A % 07 0oL 006

carburettor throat under the conditions (Z,, 4,
C, N etc.) corresponding to arrows a, b, ¢, ---,
respectively, on the A curve. When the car-
burettor apeature is small, the pressure wave
in the intake pipe is damped and the wave
acting on the fuel injection port is approxi-
mately so-called half-wave rectification type
negative one such as shown in oscillogram a,
~which is produced every revolution during the
inlet period. In order to make clear the fun-
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Fig.17 Instantaneous fuel flow rate G
and pressure wave AP,
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damental chara_cteristics of fuel flow rate when such a pressure wave acts on the fuel injec-
tion port of a carburettor, let us assume that a pressure wave given by the following ex-
pression :

Ap,=Ap - sin —g*' g (4)
as shown in Fig.15, acts on the effective inlet period 8* rad., where 8 is crank angle rad..
Fig.17 shows the instantaneous fuel flow rate G;, with solid line, calculated from Eqs.(2) and
(4) and those determined from a relation of steady flow with dotted line, the average fuel flow
rate G, and Gns being also indicated. Although the author could not succeed in produce
experimentally such a pressure wave as satisfies Eq. (4), the measured values of instan-
taneous fuel flow rate when the approximate pressure wave acts are also drawn with thick
solid line. In Fig.17, the response of the instantaneous fuel flow rate G, toward the negative
pressure wave are bad because of the inertia of fuel liquid column within the injection pipe
and in particular for decelerating flow.

For this reason, the average fuel flow rate G, is higher than that G, determined from
the relation of steady flow.

Since the increase in engine speed N shortens in addition the required time of one
revolution, fuel outflow does not perfectly interrupted before the intake process of the fol-
lowing cycle begines. Consequently, it can be concluded that the average flow rate G, is
increased in proportion to the engine speed N. This fact can be also confirmed its good
qualitative coincidence with the measured values in carburettor experiment. In the next
place, the average fuel flow rate G, is calculated while the engine speed N rpm in =2 N/
60) - t, Eq.(4), being changed to determine G,/Gmo on the basis of a value G, at N=1600
rpm.  In order to compare with the result of engine experiment shown in Fig.15, further, the
excess air ratio A at a given engine speed is determined from A=A (Gmo/Gm), where A, is the
value of excess air ratio under the conditions of N=1600 rpm, carburettor position /,/l,=2.5/
28 and its aperture C-3/8, and the thus obtained values of A are shown with dotted line in
Fig.15. They coincide well qualitatively with the experimental values and it can be seen
that the fundamental characteristics of carburettor affect the fuel flow rate. Since the
pressure wave of the test engine is not of such a perfect half-wave rectification type negative
one as that shown in Oscillogram a and its amplitude is increased to some degree as can he
seen in Oscillograms b and ¢ when the engine speed becomes higher, it seems necessary to
take into consideration these influences in detail.

3.2.2 Length of fuel injection pipe a8d fuel flow rate

In an actual engine, the float chamber is sometimes separated from the carburettor’s
frame and connected to the latter with pipe to prevent choppy oil surface in the chamber due
to mechanical vibration. If it is possible to consider such a connecting pipe to be rigid, then
it corresponds to the lengthening of pipe length I, in the Eq.(2). The larger the fuel injection
pipe length /, is, the more the response of instantaneous fuel flow rate G,; when a half-wave
rectification type negative-pressure given by Eq.(4) acts on the fuel injection port is deteri-
orated, its value in an accelerating flow region is decreased and its value in a decelerating
flow region increased. For this reason, the average fuel flow rate G, is increased. If G,/
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G oo 1s calculated from Eqgs.(2) and (4) on the basis of its value G for the fuel injection pipe
length [;=0.03 m, G,/Gne is increased, as shown in Fig.16, in proportion to {, and thus G/
Gme=143 at [;=1 m. Experimental values G,/G obtained in engine experiment are also
indicated in Fig.18. The calculated and experimental results cannot be quantitatively»com;i
pared with each other because in engine experiment the pressure wave in intake pipe is not
of perfect half-wave rectification type and the carburettor frame and the float chamber are
partially connected with vinyl hose, but the experimental values are increased in proportion to
the pipe length [, with G,/G =122, for example, at [,=1 m to coincide qualitatively with
the calculated values. In this way, the fundamental characteristics of carburettor’s fuel flow
rate are also reflected in that of engine experiment.

3.2.3 Position of carburettor and fuel flow rate

While in the case of large carburettor aperture, for example, C-8/8 or C-6/8, the more the
carburettor approaches the engine side, the more the fuel flow rate G, is decreased as shown
in Fig.13, in the case of small carburettor aperture, for example, C-2/8 or C-3/8, as that during
low-load or engine-brake operation the fuel flow rate G,is not always decreased.

1.1
1.6 \‘/O/O/"Ls=l.2cm
2 B Gm/G / 09 N 3
N " W/ \p-2.5/48 = 04 i
O E-120, Ls=62cﬂ - U\O\G,/O/o
- 8- T - 015 2 ry,
WErsd ] @ d=08mm E \K 8
1 -8~ 0 O 05mm &
0 1 2 o Nrpm |dmm
Le m gou 013000] 06
Fig.18 Ratio of fuel flow rate G,/Gs and fuel pipe T @ [2500/0.8
length [, ( Engine E-120, Inlet pipe length Ls=62 cm ) © C/l\
"O\O‘,C—3/8
(a) IO IC 007
1 i lAv_ Ange- p
' N~ 00 /“‘ko
— Y
( b ) 10 IC 51 904
'~ A ms
& o T
0.2
(c 3ms - 18
)10 " IC g o5 3
14 ' § /0//2’
=7 > T 15
] \/V z ?‘ﬂ
Bhms :
A4 mS 12
34ms 0 05 Lo/, 1

Fig.19 Excss air ratio A and carburettor

Fig.20 Fluctuating pressure in carburettor throat Dosition [o/Ls (Engine E-120)
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As is shown in Fig.19 (engine E-120, Ls=42 cm), it becomes maximum near the center
of intake pipe (/s/Ls=0.3 to 0.4) and tends on the contrary to be decreased as the carburettor
approaches the open end of pipe. This position of maximum G, approaches more the open
end side the larger the carburettor aperture is and coincides with the open end itself at more
than C-5/8 of aperture. In the case of small carburettor aperture there is thus no relation
among the fuel flow rate G, the carburettor position /s and the average mean pressure AH
and it appears that this is based on remarkable variation, according as the carburettor posi-
tion, of pressure wave acting on the fuel injection port. As is shown in Fig.20, Oscillograms
a, b and ¢ of pressure wave under the conditions ({s/Ls, N, C, etc.) corresponding to the arrows
a, band c on the AH curve, a pressure wave, similar to such a half-wave rectification type
negative one as shown in Fig.a, acts during inlet period in the case of the carburettor lying at
the open end of intake pipe (/s/Ls=0.19) but two large negative pressure wave are produced
during inlet period at {s/1.5%0.43 (Fig.b) realized when the carburettor approaches the engine
side.

If it approaches further the engine side, a large residual pulsating wave can be observed,
as shown in Fig.c ({s/Ls20.65), even after inlet closure (I.C.). Such a wave appears because
the damping effect of throttle on the pressure wave is more decreased the more the carbu-
rettor is situated near the node of vibration system in the air column and the experimental
values 5.1 to 5.4 ms of period of the residual pulsating wave are approximately equal to a
value T=4 - (Ls+Al)/a%=5.3 ms, obtained on the assumptions of pressure propagation ve-
locity a=330 m/sec and pipe end correction Al=2 cm (equal to the inner diameter of intake
pipe d;). As can be seen from the pressure wave of Fig.c, where that of Figa is also
reproduced with dotted line, it appears that the pressure wave during inlet period is a
resultant of two components, that is, one (dotted line) produced by the negative pressure in
crankcase and the innertia of breathing air another of a comparatively short period. Its
period is considerably close to a value T = 4. (L + Al) /a=3.6 ms, calculated with the
distance /s from the open end of intake pipe. This may be caused by superposition of a
pressure vibration, which has a closed end at the throat of carburettor. In Fig.b, however,
the experimental value 3 ms is not so close to the calculated one 2.5 ms as in Fig.c. Although
the pressure wave in intake pipe 1s thus not simple, it appears that such a result as shown in
Fig.18 is brought about because increase in negative pressure wave during intake process
increases the fuel flow rate G, and the residual pulsating wave prevents fuel outflow.

Since pressure in the intake pipe changes complicatedly according as the conditions
concerned and affects also the fuel flow rate, so that it is impossible to forecast the rate under
each operation unless the pressure’s particulars are well understood.

3.3 Resonator and fuel flow rate

it is said that when the intake pipe of an engine is longer and the carburettor is nearer
the engine side, addition of Helmholtz resonator to the inake pipe can contribute to the
damping of pulsating wave and be thus effective to the improvement of excess air ratio. In

this research on a two-cycle engine, for example, Alfred Jante!™ has proposed a resonance
speed N,=60 - » based on tuning of the natural frequency v of air column in a Helmholtz
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resonator with the inlet number N/60 into the engine and described that a resonator of
natural frequency vy can improve the excess air ratio curve within a range of engine speed,
higher than N,.

If a Helmholtz resonator is used to make flat the excess air ratio curve in a range of
higher-speed than the minimum engine speed assumed to be N=1500 rpm, let us take the
resonator’'s dimension d=2 cm and /=5 cm and pressure propagation velocity a=330/sec,
then from N,=60 + v and v=(a - d/4x) - V/7/V(i+ zd/4) the volume can be approximately
calculated to be V=2.07x10* cc. Although the author used two resonator, V=2.1x10* and
1.3 x10° cc. and confirmed its effect, such a resonator with large volume violently vibrates so
that its practical application is difficult. For this reason, the author prepared another reso-
nator 52.9 ¢x54 mm of a volume, equal to that of engine’s stroke volume V,=1189 cc.
and investigated the effects of the resonator

mounted on an engine and of an elastic (rub- 051 10 i1¢c 2 55 AI g 60/
ber) diaphragm covering the resonator’s closed t Ov&w‘?{?&}v ,

: : § -0.5L b t225«+~2eo'~
end. The experimental results are shown In g 0.5 10 Ic 620 — ]
Figs.21 and 22, where in the case of the engine a z

E-120, Ls=62 cm, [,/1,=22.5/28 cm, the pul-
sating pressure wave becomes larger and the

N rpm
Symbol Condition of resonator
Fixed position |Elastlc membrane|Entrance pipe diameter
A A (see Fig.) without d=d (Inlet pipe dia.)
A-F A " ) fixed d=d
A-D AL " ) without d=(1/2)d
Fig.22 Behavior of various factors in transient A-F-D B( " ) fixed d=(1/2)a
. V=0 without rescnator d=0
operatlon Oscillograms a, b and the pressure wave under the conditions
A.F. - air flow rate, F.F. - fuel flow rate corresponding to the arrows a, b on the A curve
O. L. : fuel level in float chamber, F. L. : float Fig.21 Excess air ratio curve and Helmholtz
P. P. : Inlet port pressure, T. M. : top dead center resonator
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mixture does weaker (A=1.5), as is shown in Oscillogram 1, near N=4000 rpm (g=1 - 3/4) but
if the resonator is mounted at A, immediately before the carburettor, the pulsating pressure
wave 1s, as shown in Oscillogram 2, remarkably damped and the influence of residual pul-
sating wave on the fuel flow rate is also reduced so that it is possible to prevent, to some
degree, the mixture’s weaking (A=1.2). The value of engine speed, corresponding to a peak
of the excess air ratio is shifted near N=3500 rpm, because the equivalent length of the whole
intake pipe system is lengthened and the period of pressure wave increased”.

Suitable throttling of the inlet of resonator (marked with symbol D) and attaching of
elastic diaphragm (marked with symbol F) can reduce further variation of the excess air ratio
curve to attain approximately the required object. On the contrary, attention should be paid
to a fact that in an engine utilizing a breathing-air inertia effect to increase the maximum
delivery ratio, resonator also reduces the inertia effect®®.

3.4 Transitional operation and fuel flow rate

when the engine speed is kept constant and the throttle valve of a carburettor is rapidly
opened or is rapirly closed, the instantaneous air flow rate, the instantaneous fuel flow rate,
the variation of fuel level in the float chamber, the movement of float and the pressure wave
before inlet port are simultaneously measured. A typical oscillogram of them is shown in
Fig.23. In this figure, when the pressure wave before inlet port has changed as a result of
opening of the throttle valve, the breathing air and the fuel begin to flow in after a while, and
then the fuel level in the float chamber and the float do to be lowered. At this time, the float
follows the fuel level with a retard of about 0.3 sec. and about 3 sec. is necessary to reach a
stationary condition.

Since this period is, consequently, accompanied the lowering of the fuel level, the outflow
of fuel must be affected. If the fuel flow rate is calculated from Eq.(2) while the influences
of fuel level and the characteristics of the drag coefficient in the carburettor throat and the
fuel injection pipe being taken into consideration, the fuel flow rate (G, g/s) reaches, as can

il
SO A AR 200050, !
o ANV T T
o
1]
(O}
T Apnan iR AR
HARLIARA A EERARRRY)
hEreH i+t S RETHE | S
o 1 TR e
o 'Tulllv!.J!JLnjljllU\Ij \‘TU‘J\J‘J"’ _________
. 'V
3 ol
0 05 10 t 15
sec

Fig.23 Fuel flow rate during carburettor opening Fig.24 Characteristics of carburettor (F. L., O.L)
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be seen from Fig.24, a maximum value at about 0.25 sec. from the beginning of fuel outflow
and a minimum value at about 0.8 sec.. This value (0.8 sec) coincides well with the time (0.8
to 1.0) marked with an arrow mark in Fig.23, so that this correspond to a characteristic of a
tested carburettor. And then the variation of fuel flow rate, which occurs after the arrow

mark, coincides with the natural frequency
period of a liquid column in the fuel injection
pipe of the carburettor. If the float chamber
1s directly connected to the carburettor frame,
the mechanical vibration from the engine body
becomes more violent with the increase of

engine speed. For this reason, the fuel level
in the float chamber ascends and fluctuates

violently as shown in Fig.25. Consequently,

the cycle-by-cycle variations of the fuel flow

Fig.25 Behavior of float (F.L.) and fuel level (O. L.)
O : carburettor open
C : carburettor close

20
. H=30cm_
ty

Sec

FL.

0
1000 2000 3000 4000
N rem
Fig.27 Response retard of float (F. L.) Fig.26 Behavior of fuel flow (F. F.), float (F. L.)
and fuel level (O. L.) and fuel level (O. L.) during accelerating operation
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rate and the irregular fluctuation at an interval of about 0.1 to 0.2 sec. become remarkable.
Even if the throttle valve of carburettor is opened and is closed in such a condition, the fuel
level and the float do not almost change as shown in Fig.26. By making the electric power
supply on, the rapid accelerating driving is carried out while the opening of carburettor being
kept constant and the dynamometer for driving the engine being set at a position of constant
rotation. Moreover, some time after that, the rapid decelerating driving is carried out by
making the electric power supply off. An example of the experiment is shown in Fig.27.
In the case of Fig.27 (a), the response retard of fuel level and float are remarkable and then the
float is later than the fuel level, the difference between them being about 0.8 to 1.0 sec. as
shown in Fig.27. Owing to these influences, the fuel flow rate is temporarily decreased at
the period of accelerating operation as shown with an arrow mark in Fig.27. The same
phenomenon can be observed also at the period of decelerating operation. If, on the contrary,
the rapid acceleration is carried out under a condition of the float chamber directly connected
to the carburettor frame, the float descends rapidly and vibrates violently while the fuel level
beginning to swell and eventually ascending as shown in Figs.(b) and (¢). In this case, the
back flow of fuel becames remarkable. If the decelerating driving is then carried out, the
float vibrates violently and the fuel level is rapidly increased so that the abnormal outflow of
fuel can be observed. Such an abnormal state depends on the fixing state of the carburettor
and the dimension of the intake pipe system, and that is unstable phenomenon. Since there
remain many unknown matters, the authors with to continue systematically the experiment
in the future.

4. Conclusion

The author experimentally investigated the influences of carburettor position, apeature,
fuel injection pipe length, intake pipe length and engine speed on the fuel flow rate of a small
sized two-cycle engine and carried out numerical calculation on a simplified model of carbu-
rettor. The results obtained can be summarized as follows :

(1) A larger amplitude of pulsating wave affects the next intake process and if the pulsation
coefficient is q=15 - a/N(Ls+Al)=n-+1/4 a negative pulsating wave is superposed on
inlet port open-period (LO.) so that the fuel flow rate is increased, while if q=n+3/4 a
positive wave superposed on 1.O. so that the flow rate is decreased. This fluctuation of

~ fuel flow rate due to the tuned pulsating wave is not so remarkable as bring about any
impossible combustion.

(2) When a carburettor is mounted to a fixed length of intake pipe, the amplitude of
pulsating wave acting the carburettor’s throat becames larger the more the carburettor
approacﬁes the engine side and in proportion to it the fuel flow rate is decreased. This
coincides with the result of numerical calculation on the unsteady characteristics of fuel
flow rate in a model carburettor.

(3) when carburettor aperture is small and pressure wave acting the carburettor throat is a
so-called half-wave rectification type negative one, which is repeated every revolution, the
response of instantaneous fuel flow rate with regard to the negative pressure wave is more
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deteriorated due to the inertia of fuel liquid column the higher engine speed is and the
longer the fuel injection pipe is.

for this reason, the average fuel flow rate per revolution is increased and the excess air
ratio is decreased.

(4) In the case of a small carburettor aperture, pressure wave acting the carburettor throat
remarkably changes if the carburettor is made to approach the engine side so that the fuel
flow rate is not so always gradually decreased as in the case of a large carburettor aperture
and it attains the maximum on the way.

(5) If fuel flow rate or excess air ratio remarkably fluctuates with engine speed, it is possible
to reduce considerably such a fluctuation of the ratio with a small Helmholtz resonator,
which has a suitably throttled inlet and a body made of elastic membrane.

(6) When the throttle valve of a carburettor is rapidly closed, the fuel flow rate is remarkably
decreased and is violently fluctuated before reaches a given value in the stationary opera-
tion. This fluctuation period is approximately equal to the natural vibration period of liquid
column composed of the fuel injection pipe and the float chamber.

(7) Such a variation of fuel flow rate can be observed in the case of accelerating operation.
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The Suction Air Cooling Surpercharged Diesel Engine with
Vapor Compression Refrigerator
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Abstract

To improve the performance of a supercharged Diesel engine, the suction air cooling supercharged Diesel
engine cycle with vapor compression refrigerator is investigated, where refrigerator driven directly with a part
of engine output cools the suction air to reduce the required power of the supercharger.

The thermodynamic analysis about this combination cycle clears that the specific power increases

remarkably in comparison with conventional one, but a larger increase in the thermal efficiency is not ex-
pected.
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Human Engineering Study on the Automobile (1I)
-On characteristics of driving when drivers are drunk

and when they are not drunk-

Masachika Naito, Kouhei Hamada, Mitsuru Tsunoda,
Yuichi Sakamoto and Noriaki Inagawa

Abstract

In the first report, in order to examine characteristics of driving when drivers were drunk and when they
were not drunk, the simulator of the automobile was used. In this report drivers used automobile on the test
road. The flicker test, lamp test, slalom test and running test were carried out. The responsive function, the

power of attention and judgment and handling faculty were investigated.
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Some Advancements in the

Structural Theory of Integrals
Yoshio Kinockuniya*

Abstract

To establish an epistemo-geometrical interpretation of the integration process to be based on the a priori
measure, we meet some difficulties. Especially, an important classical theorem does not hold in this theory of
integrals. However, through some renovations, relations are found in refreshed fashions.

0. Introduction

When we look into a euclidean space (of finite dimension) £, it is found requisite that
the arrangement of its points is forced to have its geometrical form to conform to the
coordinate system thereto given. So, we may specifically associate the points themselves of
E with their forms. Moreover, sizes of the points are accordingly considered to be associated
with them. For instance, if we adopt the polar coordinate system, the size of a point must
accordingly be considered to be the larger as its distance from the origin increases. We
denote by [p] the spatial occupation of a point p in E associated with its gemetrical form
and size such as abstracted in the above and posit such that

o= [D], 0.1)

7 being the a priori measure. Then, y, will be taken as an abstract measure of a point p.
Using uy, for a set A in £ we may have the integral expression of MA in the form

WA= fp re= ap 0.2)

However, there is an important criticism on this construction. For instance, if A is a closed
circular disk, for a boundary point p of A, it may be considered natural that

o] N A=-Llp]. 03)

So then, in the integration of (0.2), to such a p -4-u, will rather be taken to be assigned instead
of up However, to avoid such a complexity, we will find it better if we apply instead of (0.2)
the expression

MA=v(A) u 0.4)
on condition that all the points of £ are assumed to be of the same size measured as x. In this

relation y(A) is called the fnversion number of A in respect to u.
If U (p)is a neighborhood of p, in case of a circular disk A, we may, with regard to the
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formula (0.3), have

ﬁU@Wm;#%%%gélﬁUw)

Thus, if the diameter of U (p) tends to zero, the right hand tends to

%mﬁwm,

which will give a duplicate version of (0.3). Incidentally,if we take u, in the relation (0.2) as
a primitive summand simply corresponding to the spatial position of p which is not directly
connected with any limiting process as lim #mU(p), then the preference of -4y, may not

necessarily be claimed, because the relation (0.2) then, instead of the construction

mlplNA _ 1
i p) 2,

simply suggest that the density of the points of A at the point p is equal to -5-. However, if
we particularly insist on this version, the definition (0.1) is thereby to meet a contradiction.
So, we shall henceforth rencunce the expression (0.3). We may thus eventually regard the
formulas (0.2) and (0.4) are telling the same meaning in case u,=y for every point in £,

A similar thing to the above-stated correlation is observed on the limiting process of a
function / (x) of a real variable x. By G. Cantor was adopted the conventional version that

1=0.999---
This is considered as based on the admission that

1=1-0. (0.5)
However, the mere formula (0.5) apparently meets a contradiction when we have

(1) = f(1—0) . 0.6)

In this context, we may regard (0.5) is, as it were, a static expression about the point 1
whereas (0.6) is a sort of kinetic relation between the values of f (x). So, also in the above-
stated case, we may regard [p] is the static notion of the point-occupation whereas
lim U (p) '
is the kinetic notion of the practical limit.
The integral

[ ripyap 07)
is primarily defined as the limit of the summation
ko k—1 k
S afpe APl <r(< k)

k

for n— oo, and thus we have the relation
[ 5 (av=E(f,)mA,

E(fA) being the mathematical expectation of the values of f over a set A. (0.7) may be

referred as an integral by the Lebesgue process. But, since # 1s a generalized extension of the
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2, Stieltjes Construction
Since we may write

fo(pMp:fmf(p)up: f(p)7mlp],

peAd

we denote this integral by m (£ A4), and since

H(A)= [ n(p)p,

regarding H as a measure to be applied instead of %, we may possibly have an integral of
Stieltjes type

H(7 A= [ FH).
In effect, we can define this integral by the following Lebesgue-Stieltjes process :

H(F \A)=lmS - H (A (2.1)

|

with k

Am,k):{pe A‘ 2_721 <f(p)< an

We decompose % in the form

h(p)=he (P)=hey (D),
where iy and %, are defined such that
by (p)=h(p) and i (p)=0 when 2 (p) = 0

and ey (P)=0and h, (p)=—h (p) when 2 (p)< Q.
Then H (fA) may correspondingly be decomposed as
H (fA)=Hs, (f,A)—H (f,A). 2.2

Since (in the bounded case) both of the limitations

. k .

11m22—nH<+>(A(n,k>) and hmZ*ZZETHH(A(n,k))
are easily ascertained to be convergent, the relation (2.1) is found adoptable as a definition,
provided that % and f are both bounded in A.

Now, having regard to the composition (2.2), let us assume that % (p) > 0 everywhere in
A. Then, for each A,» we have

H(A(n,k)) >Oy (2 3)
hence _ .
¢ %H(A(n,k))gvszH(A(n,k))
Then, by the definition of A, we have
kF—1 _ k—1
g HAw)= [ Fotnpydp< [ 7 (o)np)ap
and

k _ Rk
/,:l(n,k) f(p)h(p)gj;(n’k) 2n h(p>dp— 2n H(A(n,k)),
so that, interpolating these relations in (2.3), we have

k

-1 k
o7 H(Am,k)K-L(n’k)f(p)a’p<2—nH(A<n,k;).
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Thus, from the definition (2.1), we conclude the following theorem.
Theorem D. If WA+ oo and if one-valued functions f and h ave both bounded in A, then
we have

H(f ,A)=F(h,A)= [ 7 (p)h(p)dp.

By the way, if A is a subset of an open set G and at almost every point of A has the
determinate density 4 (p) and if 7 (p) is bounded in G, it is notable that we may then have
the relation

m(fA) = H(LG)
on extension of 4 (p) such that 2 (p)=0 when p&¢ A. In addition, this case can be regarded
as the one.where it is almost everywhere in G observed that 2*(p) = h(p).

3. Relative Expectance
We define Ey (f,A) as
Ex(f,A)=H (f,A)/H (A)
on condition A (A) =# 0, and refer to it as the expectation of f in A with respect to H or the
H-expectation of fin A.If the value f#(p) defined as
Fd(p)=lim E.(f,U (p))
where the neighborhood U (p) of p is let to tend to the singleton {p} , does not vary with the
choice of the tending behavior of U (p) except for the condition that the diameter of U (p)
tends to zero, then we say f is stromgly expectant in vespect of H and refer to f4" as the relative
expectance of f to H or the H-expectance of f.
When f and % are functions bounded in an open set G, if f is strongly expectant in
respect of H almost everywhere in G and yet if 2 is strongly expectant almost everywhere
in G, then we may, at almost everv point p of G, have

H(f,U(p)) HALUWMD)  HUWD) _ pap oy g
U (p) HUGW) —~ mUp TR D).

lim = lim

Therefore, the function /- 4 is found to be strongly expectant almost everywhere in G,
because, by Theorem D, H (f,U (p) )= # (f- h,U (p) ). This being so, by virtue of the
relation (1.1), we then have the relation

H(f,6)=(c) [ fa(p)n(p)dp

G, being the largest subdomain of G where f (p) & (p) is Tound to be strongly expectant.
If we take up an application (or a general additive function of a set) y instead of an
integral H (A)=m (h,A)in (2.1), we may define a general integral by the Iebesgue process

W= [ Fp)re (3.1)
with “

ro=7lpl.
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Lebesgue measure #, the integral (0.7) is sometimes found to meet unexpected critical
conditions which have never been met in case of m.

1. Strong Expectance

When the integral is produced by the Lebesgue process in respect of the a priori measure
#, the following well-known theorem? does not generally hold :

If ® is the indefinite integral of a bounded measurable function ¢, then o5 (X)=¢@ (x) at
almost every point x, when s means the strong derivative® of ©.

In this therem ‘measurable’ means ‘Lebesgue measurable’ whereas we intend to mean
‘M measurable’. Inconsistency of this theorem can be shown by the following counter-
example : If A is a subset of an interval / and has everywhere in / constant density A (%0,
and < 1) and if ¢ (x) is the characteristic function of A (that is,=1 for x€ A and=0
otherwise), then denoting by 7, the set {ye ] y<x} we have

@(x):c+f1x@(y)dyzc+/l - idx
{c being an arbitrary constant) so that
Px)=A+¢@(x) for every point x of I.

When 7 (p) is a one-valued real-valued function of a variable point p in a finite dimen-
sional euclidean space E, by the capital letter of f we indicate the integral which is a set
function such that

F)= [ rpa,

A being an arbitrary subset of the domain of /. Then the derivation of / is closely related
to the expectation of 7, because

FUP)=E(£,U(p))- mU(p).
If the value of

lim%g((—‘z))—) =limE(f,U(p))

is uniquely determined whenever the diameter of the neighborhood U () of the point p tends
to zero, then f is said to be strongly expectant at the point p and is indicated such that

FHp)=ImE(f,U(p)).
As it is, this f* (p) may be regarded as the strong derivative of F (A), though we emphasize
its relation to f (p) itself and refer to f* as the (stromng) expectance of f at the point p.
Now let us assume f (p) is strongly expectant almost everywhere in a bounded open set
G In E. For the sake of simplicity, we take £ as of two dimensions and provided with
rectangular coordinates. We draw x-lines y=k/2% v-lines x=k/2" (k=0, £2,--- ; n=0, 1,

if exists, / being intervals which contain p and tend to p.

I)
il
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2,---) and denote by G, the remained part of G after the removal of all these x- and y-lines
from G. Then it is easily seen that MG,=MG.

Since f is strongly expectant everywhere in G and therefore in G,, for almost every
point p of G, and for any given positive real number ¢ there must be found an open square
cell @ (p) which satisfies the following conditions :

(i) @ (p) is enclosed by four lines out of the above-stated x- and y-lines for the
same 7 ,

(i) pe QPIEG;
(i) |F(Q(p)—r*(p)- mQ(p)|<e - mQ(p).

If G: is the remained part of G, after the removal of all points at which f is not strongly
expectant, then evidently %G, =mG,=mG and the family of the cells @ (p) (pe G, and n=
1,2, --- if possible, 1. e., on restriction that at least one @ (p) exists for ») obviously gives an
open covering of G. Thus, by virtue of the Lindelof theorem?, there must be an enumerable
covering (€ (p,) ) (k=12,---) of G,.

Now, about the cells @ (pn) (k=1, 2,---), it may be easily seen that if @ (p,;) +# Q (p) we
have

QUPNINQ(pr)=2. V. Qp;)E Q(pr). V. Q(pr) S Qp;).

So we may eventually suppose that the sequence (Q(p.) ) satisfy the condition that if 2 + J
then

QLN Q(pu)= 4.

Thus we consequently have the relation :

|F(G) =2 (b)) mQpil <eZmQ(px)
=¢- MG
=¢-mG.
Then, letting ¢ tend to zero, we have

F( G)Zlime*(pk)ﬁQ(Pk). ’
The right side of this relation may be regarded as a kind of integral. So we denote it by

(e) . r*(p)dp

and refer to it as an integral by the covering process. Then we have
= * 1.1
F(G)=(c) [, F*(p)ap. (.)

However, on the above-stated discourse, it should be noted that the integral by the
covering process on the right side of (1.1) cannot always be constituted if the domain of
integration G is not given as an open set.
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In this case too, the set A will be decomposed into two parts, A, where y, > 0and A,
where v, < 0. But the most important point is that we may possibly have
YA + 0
even when @ A=0. Thus the value of y (f,4) may possibly not vanish even when #A=0.
The relative expectance f,* of a function f to the application y will analogously be
defined by the formula

) . U(p))
* :hm ’}/(fy
§249)) YU (p)
It should, among other things, be noted that, even when f has at almost every point of an open
set G the y-expectance to vanish, we may possibly have

y (f,G) = 0.

4. Incompetence of a General System of Neighborhoods
In constructing an integration of any sort so far discoursed, a general system of neigh-
borhoods may not always be found adoptable, because it may possibly be incompetent to
restrict our eyes toward the specific sightviewing around a single point. Particularly, we may,
in a euclidean space £, have a system of neighborhoods which may not make £ separable.
That is, if N is a general system of neighborhoods, for some two points p and g there may
possibly exist two sequences (U,) and (V) (k=1, 2, ---) from N such that
NU={p} and N Vi={q},
but, for every £=1, 2, ---, we have
UNVes# &.
In effect, on defining B (p, p) as
B(p. o)={xl |x—pl <o}
indicating by | x—p | the distance between the points x and p, if we construct a system of
neighborhoods (U (p,0) ) (0 > 0, pe E) such that

Ulpo)=DB(p,p) forp*q
Ulg,0)=B(q,0)UB(poto 0)

where ¢ and p, are different fixed points and po+p means the point (xo; +p, Xoz, =", Xon)
when po=(%o1, Xoz2,"**,Xon), then we have

U Ulpe)={p}
gOU(q,p):{q}.

However, for any positive real numbers p and p’, we identically have

Ulq,0)N U(po,0’)* 2.

Mathematical Seminar of the Murovan Inst. Tch., Hokkaido
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and
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A note on R. DeMarr’s conjecture concerning the order
isomorphism of an ordered linear space and its order dual

Ka;1 Honda

Abstract

R. DeMarr had a conjectur : if an ordered linear space X is order isomorphic to its order dual X', then X
becomes a real Hilbert space with an inner product which is compatible with the order. And, in his paper, he
proved the conjecture under an assumption. In this note, we prove the conjecture under a simple assumption
which is equivalent to DeMarr’s assumption.

The conjecture of R. DeMarr is the following.

If a partially ordered linear space X 1s ovder isomorphic to its order dual X', them it is
possible to define an inner product ( -+, + Jon XXX in such a way that X becomes a real Hilbert
space with this inner product. Furthermore, the inner product can be defined so that it has the
Jollowing properties :

(@) if xe Xand x = 0, then [x, - ) is a positive linear functional on X,
(b) if feX' and [ = 0, then there exists x€ Xwith x = 0 such that (x, - ) =f

Let T be the order isomorphism of X and X', namely T is a positive linear transforma-
tion of X onto X" and the inverse 77! of T exists. DeMarr showed in his paper that X is
Dedekind complete, 1. e., for a down-directed set E of positive elements in X, inf E exists.
Furthermore, he proved his conjecture under the assumption :

)] (x, Ty)=0% whenever xNy=0 and x%y€ X.

In this note, although we can not to be prove that the conjecture is true or not, we shall
consider the another assumption to be equivalent to (D), because we are thinking to give
something to get a grip of whether the conjecture is true or not.

Let X be a Dedekind complete vector lattice and X’ be its order dual, i. e., the totality of
positive linear functionals on X, in this nate.

A subset M of X is said to be a normal manifold, if for each x e X, there exist two elements
x, and x, such that

() x=x,+2%,, x:€M and x,eM*
where M*= {y ; v is orthogonal to every element in M} and M* is called the orthognal
complement of M.

When M is a normal manifold, the above decomposition (#) for each x€X is uniquely
determined. Therefore, a normal manifold M defines a projection operator (M) of X on'M
by (M) x=x,. Specially, for an element p in X, if {p}*++ is a normal manifold, then the
projection operator [ {p{t+ ) is called the projector and denoted by () . In the Dedekind
complete vector lattice X, each element p in X defines always a projector( p)and it is known
in (2) that [p] has the property : (p) x=sup {#n |p| Nx} for each positive element x in X.

*) Ty means an element in X’ corresponding to an element y in X and (x, 7%) means the value of Ty at x.
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The detailed properties on projection operator and the projector are found in Nakano (2 ;
§4~ §6)

The aim of this note is to prove the following theorem.

Theorem. Let X be a Dedekind complete vector lattice and X' be its order dual. If there
exists an order isomorphism T from X onto X' such that

(H) (%, Tx) = 0 for every non-zero element x in X,
then X becomes a real Hilbert space with an inner product { -, ) on XXX having the above
mentioned properties (a) and (b).

If it is proved that (H) implies (D), our theorem comes to be true by DeMarr’s result.
However, we shall give another proof

Let A be an index set. For a set {a;} (A€ A)in X, we make use of the notation a; 1 rea
if for any indices A,u € Athere exists an index v€ Asuch that a:<a, and e¢.=a,, and if
SUp @, =« exists, then we write a; 1 icx @ Similary, we make use of the notation a; | iea
and dilaend

Lemma 1. T is order continuous, 1. e., if a,dena in X, then Tay  en Ta n X',

Proof. This is evident from the fact that T is the order isomorphism of X onto X'

For xe X, we define x*=xU0, x =(—x)U0 and | x| =x*+x~ so that x=x*—x"
holds. Then, we can easily see that for each xe X, we have | Tx| =7| x| in X".

Now, for each x in X, we denote by N(x) the totality of elements y in X for which (]x],
T| 3])=0 hold We can see that N (x) is a normal manifold as follows. Obviously, N (x)
posses the property that yeN (x) and | z || y| implies zeN (x). Namely, N (x) is a semi-
normal manifold in Nakano (2] . Furthermore, if @i € N(x), @; T yea @ and a = 0, then by
Lemma 1 we have sup {(] x|, 7a); A€ Al =(] x|, Ta) and consequently (| x|, Ta)=0
so that we have @€ N(x). Therefore, N (x) is a normal manifold by Nakano’s theorem (2,
Theorem 4.9) .

Lemma 2. I X satisfies the assumption (H), then it follows that N(a)* - N (b)*= {0}
whenever 0=a,be X and a b=0.

Proof. Putting N(a)= {f X";(a, | f|)=0} and N(b)={feX"; (b, | /] )=0{ , we get
N(a)={Tx ;xeN(z)| and N(b)= |Tx ;xeN(b)} by |Tx| = T|x|. For any positive linear
funtional % on X, we can make two positive linear functionals 2, =4 (b) and h,=h (a) =
h({a}*)({b}+)*». Then, it follows that (/) +(xh)=( (0)x + (a)x + (1— (6) )x,h) for
every x in X, because ¢ b= 0 implies (a) (6)=0. And hence we have h=h,+4h, in X"
Furthermore, since (ah;)=( [(bla,h) = 0 and (0h)=( (a)bh) + [ {al ~)( {bt* ) bh)=
0, we have h, € N(a) and h, € N(b). By this fact, for any positive element z in X, the positive
linear functional #= Tz is represented such that s=#h,+k, where 0</h,eN (@), 0 h,eN ()
and consequently we have z=z,+2z, where 02, =7 ' 1, N(g)and0< z,= T 1h,eN(b). If
a positive element z is belong to the intersection N (a)* - N (&)*, then, z is orthogonal to both
z; and z, by the definition of the orthogonal complement so that z is orthogonal to z and

* For a linear functional f on X and a projection operator (M}, f(M) means a linear functional such that
(x, f (M) )=([M)x, f) for every x in X.
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hence we get z = 0. Since N (¢)* and N (b)* are semi-normal manifolds, the intersection
N (a)* - N (b)* is also a semi-normal manifold. Therefore, for any x in N (a)*+ N (b)* the
absolute | x| is also belong to N (@)* + N (b)* so that by the above mentioned fact, we have
x=0. This is complete the proof of the lemma.

Lemma 3. If X satisfies (H), then for every orthogonal elements x, y in X we have (x, Ty)=

Proof. Let x and y be positive elements and be mutually orthogonal. If (x, Ty) # 0, then
putting y,= (N (x))y and y,=(N (x)*)y, . is belong to N (x)* and y, > 0 by the definition
of N (x). On the other hand, we have N (x)*CN (y)*+*=N(y) from the result N(x)* « N(y)*=

{0} in Lemma 2. Therefore, we have v, € N(x)*CN(y) which contradicts to (H), because 0 <
(v2,Tv2) = (3 Ty,)= 0 and 0< y, - Thus, we get (x,7y)=0 for positive orthogonal elements
x,y in X. For any orthogonal elements x,v in X, we obtain ( | x| ,7 | ¥| )=0 so that the values
(x*, Ty")(x, Ty"), (x~,Ty") and (x~, Ty") are all zero by the positivity of 7. Consequently, we
get the disired result (x, 7y)=0 by the linearity of 7.

In the following, we shall give a proof of the theorem as aforesaid.

We define a functional [+, -] on XXX as

xy) =0 Ty)+(3,Tx) )2 for xyeX.

We can see first that the Schwarz's inequality

oy (x3)? = (xx) (1Y)
is satisfies. If X is one dimentional, then the equality holds in (1). Therefore, let X be at least
two dimentional. It is enough to prove for linearly independent x, y in X. Since x+ Ay # 0 for
every real A, by (H), we have (x+ Ay, T(x+Ay) ) + 0. Now, by a simple caluculation, it follows
that (x+ Ay, T(x+Ay)= (% x)°+2X (x, ¥) + (3, ¥)? and it holds a definite sign for A.
Consequently. we have (x, v)*—(x, 2)(v, ) < 0, because (x, x) and (¥, ») are both non-zero
by (H). Thus. the Schwarz's inequarity is proved.

Let x be a non-zero element in X. Taking a positive element v in X such that x, y are
linearly independent, the above ineqgality (x, ¥) 2< (%, x) [y, ¥v) and 0 < (y, ¥) yield 0 < [z,
x) . Namely, we have

@ (x, x) >0 forevery 0 = xeX.

The following properties (3) and (4) are evident from the definition of (+, -] .

(3) (x, ) = (3x) for every x, ye X.

4) (-, -+ isa bilinear form on X XX.

Therefore,[ -+, « Jdefines an inner product on X XX and hence X becomes a preHilbert
space.

By Lemma 3, it follows that for any xe X, (x*, Tx~) =(x~, Tx*)=0 so that (x, Tx)=(] x|
, T| x| ). Therefore, we have

() (v, 2) = (x|, {x]] for each xe X,
and the norm x| =[x, x)* has the property
(6) Nl =11 for each x X.

By this fact, X becomes a normed lattice in the sense of Nakano (2] .
Lemma 4. Each element | in the ovder dual X' is a norm bounded linear functional on X.
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Proof. Let f be a positive linear functional. Putting u= 7! f, u is a positive element in
X. Then, by (1), we have | (x, /)| = | (x, Tu) | (| x|, Tu)=( ] x|, u) £ | x|} «] for every
x in X. This shows that f is norm bounded. For any f in X’, the norm boundedness of f is
evident, since f 1s always represented as difference of two positive elements /™ and /7, 1. e,
f=/*—f"in X'. (Cf.see (3,p.27))

Lemma 5. The space X is complete with respect to the norm induced by the inner pro-
duct [+, -+

Proof. First, we shall show that the norm is continuous, i. e., @, € X (#=0, 1,+-) and a, | 0
implies lim]@,|=0. Under the assumption, we have, by Lemma 1, inf{(a,, Ta, ; n=1,
2.} =0and 0 £ (an, Tan) = (a1,Ta,) for every n. Therefore, we have lim|a,|=0 by the
definition of the norm. Next, we shall show that the norm is monotone complete, i.e., if 0 <
an?,a,€Xand sup {|a.] ; n=0, 1,..} < +oo, then there exists an element ¢ X such that
ant a. For each positive element x in X, {(x, Ta,} is a non-decreasing and bounded,
because 0= (x, Tan) <(x a,) < (x| |@.{)"2< +00 by (1). Therefore, there exists the limit (x,
f) such that lim (x, Ta,)=(x, f). For any x in X, putting (x, /)=(x*, /)—(x~, f) we get a
positive linear functional f on X by Nakano(2, Theorem 18.2). If we put #=T""' f we have
an = u for every n and hence there exists an element ¢ in X such that ¢, 1 a since X is
Dedekind complete. Thus, the norm is complete by Nakano's theorem (2, Theorem 30. 17)
on the normed lattice.

We have shown that X is the Hilbert space with the inner product( -, - ). Finally, we
shall show that the inner product ( -, - ) satisfies the properties (a) and (b). The property
(a) is shown from the definition of (-, - ). Let / = o be an element in X’. Since f is norm

bounded by Lemma 4, there exists an element « in X such that (x, /) =(a, x)for every x in
X by the Riesz’s representation theorem. From the positivity of f, we have 0 <(a, xJ=(a",
x) — (a~, x] for every positive x in X and hence 0 < (¢~, 27) < (¢*, a~) =0 by Lemma
3. Thus, it follows that ¢~ =0 from (2) and hence a=«* = 0. This shows that the property (b)
is satisfied. The proof of the theorem is completed.

(Recived May. 20, 1977)
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ON A CONFORMAL TRANSFORMATION IN
AREAL SPACES

Takanori Igarashi

Abstract

Concept“of “conformal transformation” is introduced in areal spaces. Under tihs transformation, changes
of various geometric objects in areal spaces of the general type and of the submetric class are considered.

§1. Conformal transformation in the areal space of the general type.

We assume that there be given two metric m-tensors g;; and ’gy; in the areal space
of the general type* Let us consider a transformation

(A7, g1)) > (AS”, g1.)), (1.1
which satisfies the relation ;

'g1= 081, (1.2)
where ¢ is a scalar function such that

p=¢(x’, p2) > 0. 1.3

Differentiating (1.2) by p% we have

&Lk =20¢,kgi,+ g1k,
and contracting by p’, ws obtain

g1=0, (1.4)

by means of Iwamoto’s theorem 6)!* we can insist that the function ¢ in (1.2) does not
depend on arguments p% but depend on only x°
On the other hand, if we assume ¢ be in the form such that

» Latin indices i7,4,... run over 1,2,..n, Greek indicee ¢, 7,.. over 1,2,.., m; while Latin capital
indices L/ K,.. denote compound indices ¢ [m/, 7[m] k[m/... In what follows, we use the
same notations and terminologies as those in papers 1),2),..5).

» * Numbers in brackets refer to the references of the end of this paper.
» » » In this paper, we use the concept “partial differetiation in p’ ,, such as
Qi =D, iimy— m@ﬁ,lﬁz """ p:'”n]z]r Df = 8@/81)5,,

for any homogeneous function @ of order 0 in p/, cf. 4)
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p=g(x", p')>0 (1.5
instead of (1.3), then differentiating (1.2) partially.*** we have
815k = 20¢xgr+ B8 11k,
and contracting p’, we get
$.x=0.

Hence, we can also insist that the function . in (1.2) does not depend on p' but depend
on only x°.
An angle g between m-vectors X' and Y'is defined as follows ;

_ ey X'Y/ (1.6)
Cos0= X7

where | X| is a magnitude of X*such that | X|*= ‘7;11‘ g X' X
Measuring the angle § between x’ and y’ with use of ’g;;, we have
' cosB= 2 XY g XY’
XY
V/;%T’ng‘)(K}(L ;%r’ngAr)fﬂllfN
2 )(I)f] iyJ
= : ¢ 817 : - N: g"{’;{‘lﬁl }zr" = cosf
¢\/WgK,LXKXL¢\/W gunY"Y

Consepuently, the angle § is invariant transformation (1.1) satisfying (1.2). In such a
sense, we call this transformation as conformal transformation.
There is a relation such that

gy’ = (m!)*F (1.7

between the metric m-tensor €rs and the fundamental function F(x? p') of A%, it is to
say, F(x® p') represents the magnitude of m-dimensional area element p’,

Now, we assume that the fundamental function F' is transformed to ’F under the conf-
ormal transformation. Then;

; 1, 1
F=Tuly &b't'= Ty et =0°F,
lLe., we obtain
F=¢F. (1.8)

So, we find that (1.8) is hold good when the transformation satisfies (1.2).

Next, let us start from (1,8), conversely. Since there is a function f (4%, p%) such that
F(x'p') = f(x%p,), we may identify f as F unless there is no confusion?.

Differentiating (1.8), i.e.,
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"F(x',pe) = o F(x', pl)
by pi, and making use of (1.4), we have followings ;
Fi=oFf
pi=pt, (pi=F'F9),
LY = LE,
where L% is a Legendre’s form such that L= p%4+ pips.

With the help of p¢ L%, etc., the metric m-tensor g;; is expressed ;¥

m

_ m\? 2 [(1131._' Wi, aer pPrer an] B
g1y /12:()(/1) Eay..am EB1- Bm F L[]l[]1 LZ.A]‘A PZ-HI pﬁul plm] p]m] .

Taking account of (1.10) and (1.11), we can conclude the following theorem ;

THEOREM. 1. 7o what g;; satisfies (1.2), it 15 equivalent that I satisfies (1.

y LK

g™ as

’ LK

g¥=9"g
under the conformal transformation.

Next, we have to show how connection coefficients changes. Put

nk Rhge e hpkhye ek
gii T Liigeeim iz in& " .

9 \-1 _
Az‘jhk:<7nn_ % > {(m—1 )!)"Zg(tj)hk“<:,£_21 ) 8G:0% ),

_ hk
Aijaﬂ_/lij png’

2

2
A*z_jaﬁ:FTﬁAz_ja,R, A*Uaﬂ:F m/luaﬂ,
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(1.8)

1.9)
(1.10)
1.11)

(1.12)

8).

The contravariant component g"¥ of g;,defined by g*g,, = % &% is transformed to

(1.13)

where A¥,; 1s derived from A;* A% ,,=675% under the assumption that the mu-rowed

det. |A5%%|# 0.
Then, we give a covariant differential of a vector V* in the form ;®
SV i=dV i+ I3 Vide*+ CiV5ps,
where  §ph=A(dpi+ Birdx"), vi=0%—pips,
I3 = vh—C"inBh—C*nB; +C* &7, By,
Y}k: E%A*iraﬂ{/l*rkaﬁ,j +A*jraﬂ,k_A*ikaﬂ,7}y
ixkfrhy: ‘Zlﬁﬂ*iraﬁ/l*ikaﬁ; Z, Cxévyh: sz;vyhv

h — . F pITI7RES T[T hES ira — S
Brs_YJJklj{S‘ 787, 5,7 z'lki%—(?aagé‘;,
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ijréz:( xzalar ><za aj Xj’Zl)p§+5§5£ a

27 —Cer papj

Under the conformal transformation, quantities g;;"* A,,%%, AY,s are invariant. Hence

(1.19)

><za

A%5%% and A*¥,4 are transformed as
2 2

* aB _ Mm% af %ii L awi
ARG = T AT, AT ap = AT g,

which give us follows ;

) 2 2
’V;k: ﬁ ¢ -m *gaﬂ{ d)m(/l*rkaﬂ,j+/l*jraﬂ,k_A*jkaﬂ,r)
2 _
+ —727 " (g A il — b ¥ 345,

With use of the fact that A*",eA*,,**= m*6% and of notation such as 7/1*”

A3 and ¢ ¢ r= ¢r, we obtain the expression
(1.20)

7Jk VJk (A*Jlg(bfﬁ 511¢>7”_5;2 ¢i)y
which give us the transformation law of the Christoffel’s symbol of the areal space of the

general type.
VI being invariant under the confomal transformation, the change of BZs is given

by
"Bds= Bo]?s - (A*}Z Or— 5;1 Pr—

(1.21)

17 hkd

Wb — Ohhs )DEW I,

by means of (1.18).
XY Cry’ and W we can exp-

On making use of (1.21) and of the invariance of Ci%7,
ress the transformation law of /'3 in the form ;
(1.22)

y ke *1 i
5k = I — Ul

where
; n

T br— 05— (A2 pa — 0% ba — 6% pa)

X( X;Jr ;JC; + Xj',yr af}ig__cx;};e,yr J}??))[)g

Jk*

On account of the invariance of C}77,
connection coefficient CZ% is a conformal-invariant, i.e
S (1.24)

we can immediately show, from (1.19), that the

N Aerr
Jy ke TR

Accordingly, we have the the following theorem ;
THEOREM. 2. [n the areal space of the generval type, if there be given a comnection

(1.14), tthe connecion coefficient 5 is transformed such as (1.22), while the another coeffici

ent Ci% is invariant under the conformal transformation.
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§2. Conformal transformation in the areal space of the submetric class.

In this section, we take up an areal space of the sudmetric class.
Let us consider a conformal transfomation

(A, gi) ~ (AT, &) 2.1
with
F=¢F, ¢> 0, 2.2)
where g;; 1s a normalized metric tensor which is given such as
gij:<i“L?f+p?p§>ga/f, |gasl = F?, 2.3

gas being a metric tensor in an m-dimensional subspace of AY™,
Since |'gad =CF)?=¢F*= ¢*| gugl =| 051804,

(or | gas| is a polynomial homogeneneous in each gus), we have

2 2
"Gas= " 8ap, '&T=¢ "8, gasg" =0} 2.4
Taking (22.3), and making use of (2.4), (1.11) and (1.12), it is evident that
gy = o™ &is.

On the other hand, the metric m-tensor g;; decomposes in the form ;

&r1= M) Liili Givin *** Gimbim) + Jitm,j1mi, (2.5)

in which J,im,jim vanishes in the case that the space is of the metric class.
Taking thought that the expression ’g;;= ¥?g,; hold good in. Riemannian, Finsler
and Cartan spaces, it is natural that (2.5) would be transformed to

2 2 2
"21. 1= MmN B N B Liain) (™G itimt) F T il siml

Consequently, for the normalizsd metric tesor g;; and g%, the transformation laws are
given such that '

2 A 2
gu= gy, gt=o g™ 2.6

(Otherwise, these expressions hold good, since Cg}":%g“gﬁ;; and (1.4)).
For a Christoffel’s symbol

{;k}:%gih{ghk,j+gjh,k_gjk,h}, 2.7
substituting (2.6), we have
o 1 & . 2 2 2
{jk}zjdfmgl {(0™),7 gne (™), 1gin— (™), nGi%
2
+ 3" Gnrit Ginyh— Gimn) ).
Putting qu:% ¢ s, d'=g" ¢;, we obtain
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,{]'Zé}—‘{]k} (p'gin— ¢j5\2_¢k5§). (2.8)

Under the assumption that the metric tensor g,; is not necessarily real-valued, an affine
connection is defined for a contravariant V¢ as follows ; ®

DVi=dV'+ 5 X7 de*+ Ci% X Dps, 2.9

where  Dpi=yidpi+Béndx*, vi=8i—pips, (2.10)
s={ b L awiBl+ gt Bl g BY), (2.11)

o= Do, Wi Wit = oiotet, 212
Wike=(g"gunhd5 + 8" 813 10%— g ginh) pa+ 0% On k. (2.13)

The connection cofficient C%7, is defined by
15%=8"Cn %, (2.14)
Chj,iZ‘%—(ghj;Z*ZD%gmL*?]i), (2.15)
where L*% is an “ecmetric tensor’ which is defined by by A. KAWAGUCHI such that
LE=1%e"s gi=LL%ga, 2.16)
and which vanishes in the case that the space is of the metric class.

The ecmetric tensor L*%f is invariant under the conformal transformation, because
L% is also invariant.
Cr;} in (2.5) is transformed such that

,Cu kR ¢)mcm ky (27)

thus, the connection coefficient C} } given by (2.14) is conformal-invariant.
The transformation law of the another connection coefficient is derived from (2.11),
(2.12) and (2.13), in the same way as that in §1.

B, is transfomed such as
,Bék:Bék_(¢)pghl_¢h6€_¢)lé\€z)p¢W£lé7a, (2.18)

hence, /% is transformed in the form;

’ jlgzpﬂ_ Ujik, (2.19)
with
U= 2"{(gu} Bh+ £} Bl g }BY)
— (@’ gse— s 67— e 0%) (Qu, IWES + g AW s — gin AW ) 5. (2.20)

Consequently, we have the following theorem ;
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THEOREM. 3. In the areal space of the submetric class, if there be given a conmection
such as (2.9), then, the connmection coefficient I'ih is transformed as in (2.19), while the ano-
ther commection coefficient Cil is invariant, under the conformal transformation.

Seminar of Mathematics,
Muroran Institute of Technology,
Muroran, Japan.

(Recived May. 21, 1977)
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The study of the dependence of dynamic Viscosity
for vulcanized rubber on primal twisting angle
by means of torsional free Oscillation

Atsushi Yamanaka

Abstract

The Study has been made of the dynamic shear modulus of viscosity for natural rubber vulcanized at
110°C and 5 mins on variety of primal twisting angle by means of torsional free Oscillation and then influence
of temperature on dynamic property of the viscosity in the temperature range of 20—60 (°C). In this paper, the
work is undertaken to explain the results obtained. The cross-section of test specimen used in this experiment
1s rectanglar and the lenght of it is about 30.0 (mm). It was found that the cause of the results could not be
explained in terms of the torque and the shearing stress only.
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