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VARIED FLOW IN OPEN CHANNEL WITH
BOTTOM DIVERSION RACKS (II)

By Tadashi UTAMI and Hiroji NAKAGAWA

Synopsis

The flow over bottom racks is investigated theoretically and experimentally. At the
first, the distribution of velocity, pressure and stream lines in local phenomena which
appear on the drop are analyzed by means of the curved coordinate system and on the
assumption of equi-energy along stream line.

On the basis of that result, hydraulic characteristics of low on the bottom racks such
as variation of energy, flow rate or depth of flow are made clear. At the last, characteri-
stics of critical point of one-dimensional analysis is examined and water surface profile

of the flow over bottom racks or free overfall is explained clearly.

. ¥ X » &

¥ ADHK R B SEEY L AL ARENRFCEL T 3 L, FOEE ERFsh
T b, EEHIIVF 2 CTREFFKT ORI DV CHIER E L TO—RTEITESR L U kT iR
R OWTHREE A S E L bit, SERTERBEO B4 oL TERE, FBRIEEYTLoTK
P, FHRTHRIBER CTEHR»DHACEBT ARG OV TLORFNAREOBH L ThE SR
ROERWILEN CKEXRORE, KFEEL, HEERIV=F1F-5) ¥Tik5,

2. BRERCHEYTIERNOER

ER SR T ERBL CHALNE R DRRICES T 558 DEZE R COBEMMERIBEROTH L
LB mENLEVE WS FRIDOTR, BEMICETIERNERXTL,
(1) RERFHOERAERS
FhoXERHERE L COEBHERS LUEKORIX>F¥D L 5 1cFEbihs,

g. gradH=V XeUrlV + W2EV  cerermiiiimiii e (1 )
QiVW =0 cevrerereonmenarernseriniisnieienirrraiiarisersrsisetriirraesrrasasrierastetnrtestessrsetsnssnrans (2)
I,
2
H= v -I——p—-i-zcose—l—ﬂ ........................................................................... (3)
2g  rg

v=PLEDWERE, g=BFHIEE, p=FEN, V=0HE~7 L, z2=KBRE»LOHEFS, 0=KBKZ
SEL, e=IRBIRMEREL X0 Q=KBKOEEKFENLLOHEE TH %,

_— 1_



234 RURH KR FEHENEB (H.43. 3

R TRTEHTHBE L, B - B s 5 IOHERNT R EATAEERS » Lhbic
HAHMBEERTBVWELE, R Th TR OED LIRS,

g oH _,

o, os =v2sy eeeeenes . (4

L8 UBH U D G e eeeeeere s et e st e s rasra et et s sreeaseneensenens
H, an“lany2 on ¥ (5)
1

.l o8 (sz)=,0 .................................................................................... (6)

]
(
2

_ ox \? oz \?
H= /(55 ) + (%)
_ ox \? 0z \*
Ho=/ (S5 ) +(55)
ThHD, H BIO H 13- TREIDRTEEL LIRSS, # BIVSIERTEL LD, ¥
KBE ETix =0, BRKELTIE n=1 TH2,

#BhRT5 L5, 0H/0s 0 LEEL 5 52 ENKRBIITRER, (4) AbROBEGREE S,

& °H
H; os

ThbbRAELT 5,
H_—_-H(n) ................................................................................................... ( 7 )
FROELUIAIE (s=s0) ICEEEWTE L & b, LOBET He=ho GEEMBETOKE) L7dLHCE

B»b, TLEFOBECOENIBAEA AL THEL, HELELZDATWB3DET5, Thbb, &
EIEIZRVT,

§=38¢

Hy=h,

v=1,(n)

p=pg(ho—2)cosb
ET5, CDEE, HIRRTHLbI S,

Hn) = Vo ( )

DOFHEFEOR, (6) 26 How 13 n OHXOREHE I, ZREME COLFLXERL TRASELRS,
Hgt = Frge 0g(0)-+vereeeevesremsnsmeeemste st btk (6"
F (5) ArbRAYXE S, :
gaH_(H, oy v aHl) vav+u2
Hz on H],Hz an H1H2 on Hz on R
ZZTC R BHBOMEBERTH D, ROBERERILD,
1 _ 1 °H
R H),Hg on
&) Ric () RERAL TEH T ERAXE 5.

2H '
—:;(voz—vz)= R‘*‘vz .................................................................................... (9

6 KRBz (9) KVBEROWEL 52 HEBEHBRATH D, ZOAhHDOXZKRD 32DHET
ﬁ< o
D BB fRCOWCTROEERET 5.

=0

L L BCOSH A g rrerereeeerereeres it 7hH




AU FR : ERAY v b 2HT ABABRNOREIOVT (F2H) 235

H h
72=R—g”m ............................................................................................. (10)

Z T, Re WKEIZHITHAHBEZETHY, mils 0B THS, toL ¥ (9) R

ove?  9v? 2h
;; = a’; + ( e nm) P2 eeenenerreeenaerrerirareeenreaie e et et ra e a et e b raen b seneanas a1
Eien, Th v CBETARABSHEATHD, KOEEE 5,
. { 130,
v?=exp z,c(l_”mﬂ)} {1)’(8, 1 _S" on exp(Zlm"‘”) dn} ................................. 12
22T, o(s, 1) BEE (#=1) TRTH2HETHY, o
KR/ Re(M A1) ecesceoreiiatiiiiiiiiiiiiiiiii it (13)
THbH. BEMOBRBROWES x5 2 DR E LT Jaeger? i1
2 \m+l
p=1)(s, 1).exp,¢{]_ — (—h—) } ..................................................................... (14)

PHENTVWBE, FRILERT VY » ARDEECESHTHEDT, (14) Rk (12) RFORBEOET Y
BELVERRIL ST\,
i) gk (1) ) AEFEHTHERDLOIR S,
FRPOHEZ (7) RERAL, Fi,
H,=exp(an+b), a=a(s), b=05b(s)
#RETHE, ERIKDOI 5B HEIh S,
ov® _ v

2
-7 2
on ~ on +2av

ZHL v KET ARG HFERTH Y, ROMEEL.

19y,2
v2=exp2a(1—n)- {v’(s, l)—S 20
n ON

ii) fgk (M) (6) A»bELASEGRR
Hy=hovo(n)/v
% (5) RCRALTERT S LRAXE S,

exp2a(n—1)- dn}

ERIERRTH 200, O v ¥BIEFEIE vn TEUT S L0 X ) BREMEL, SHCHlRIR
ATELLRS LTS,

1/R=(1/ReDN™, M=m(S) +++rrerrerrsrrnerommiontiatiiiniuiiiiimiiieineensesesititea e (16)
ZokE (15) Rk
z—:=_ I};Z vonm+:—;g—:° ........................................................................ an
Ligh, Thk a=0 »b n=1 TTEFLT
V—vi= — ko Snvonmdn+——~1~—(vo’—,voz") ...................................................... 18
Re Jo 20m

BB, TITEFIIL =0 TR BEYTRT.
(2) BERBHROIDOREN
DRz RO TEBHRAOBEY =R LD, 105 banO Z ORRPIETEE RIS hT
WBDT, PTFBWTIE (18) REAVTERET 5,

— 3 —



236 FURB KB EFAEES1ISB (H.43. 3

BERBY L322 %, BAKER he= Vag?/rgeosd TEFEINS, I TaRIO 2 XERT
X5 CEMETHREINLERTH S, BRKEI 4 CANHYEFENECRESZ SICL, £ CHEX
NELHT 5 ETHE, TR0 ven) 100 Hm) WRATHELLNS. ‘

vo(n)=a+blogn
{H (n)=zig(a+blogn)2+hccose
ZZTeaRIVIRIERTHY, HORPLEEN TS Q 1%, T5EIVDIVZ Enb, LIEORTT
BEBTEZLTE, 0¥ (6) Kb, '

Ham= (Bo/0)(@+Blogh) +ereresressesssnrssssmisssinissist st nsnessesees (20)
THh, ¥l (18) RIKRD X513,

ke __b )\ mmt | (a+blogn)?
VU= "e, {(“+bl°g”) m+1}m+1 20m

BYgiiEIC 3517 5 ERIE BAKE COMHE ve 35 X0 TRIBHRAE TOWE v 1% (7) KRB X0 19 Rx

Avtkordiesibhsd,
ve=1"a%+2g(he—hrycosd (n=1)
{vz=1/m§ (n=0)

2T hy BEBEECRWT, KBRCEACH->KBETHD, T (19) RTELLIBTHEL # A

EFTNSETRARRSED, TDX53Eks n O BRIEETNIVI Enb, I TRIEELOT

oL L, Db ZoREXEATS. ER%E 1) RCRAL TV ghe THRT L,
Vm-\/f= —he(am+1)/Re(m+1)2+02E/2 eeverrvereenisieinniiiannen FRTPPON (@23)

Lith, TIZT 1=a/Vme, E=hy/he THD, BRRKFEFECIZHEBRD X5 a=1, r=1l THLEIL

vme=q/he=V gho £ Uiz, Eio (19) RHBHNS tme=a—b OBEEFE A,

ERERET BT, BERCETS 4 DOREH m, v, Re/he 310 Hy THLT, (20) &, (21
KB L (23) KD 32DEERIMEDLNI, Thbic H: BT 58897/

hr= Sl H o +oeeverressmrenesssin et e (24)
0

¥ HbEERTIEL, BEROBITNIL ED 4 20&HRELB ZLinFebhs,

3. ERFKTOKBEHECETSER

(1) xR
BEZSKT EOWHRT, MHEL b EMTHERTLMALSKI L b THOEELAHREBC KL WSS,
MHESmEEORTEL LT ERA&MC KR S H, ILRESEDOBREIICET SRR TILHEBEE TR
DHEHAE L BBRBATETIMUT—ETH B 2 LRI, U EORBRINESEC Y ESWT, KR
SIS DWHAKIXBEH DO KIRD L DR B X 52 L HAETT 5 0L EX B, $icbbFig.

_— -1 1T zu=d: THH, LSEBFIKIORY » M if
wE (1—D X b ERCsd 5HES TS X OEH
flow R T ST ERAESR U THLBERDOFNEEL IV
. "'l . | bOLTB, CCT zu it 1T KECHITBAME
Z2zZIIIIZ 770 ¥ 22777 RBOKBKDHOEETH 5,
ﬁ\z (2) fEERE LTOEE
L] i) BRI =3 ¥— Bk & & Tik Jaeger
Fig. 1 Definition sketch. IEEERH O FE I D E\ - B 0 BYg I I

___4_



R - FE:BBAV y F 2T 5 BABRRLORKEC O WT (E2#) 237

B HWEFMR (140 25 -1 BEC KT 5 MEFMERHTL0L L TERYED S,
KERHAIRY D OMHTE Ag iX (14) LR L5 IFHEZ RS,

2y
Ag= S vdz
0

=20ehy i: {_,, ZL; exp (_,“/ ‘;-‘1;)_exp(_,,‘/ ;7;)+1} ........................ (25)

LHPOBAIERE ¢1 X ERT zu=hr Bzl ELBR, KD L5185,

K
q1=21)ehf—i2~(—xe-"—e—*+ 1) evreerrene ettt (26)

L7zp3o T I—1 MECs; 2 KBBMIES D D= x4+ — E, 5 IOHEKD L D=5 1¥— AE (35
hrth
E,=Hq }
AE[ZHAql
TE2bIB, ZZT H=v2/2g+p/pg+2cosd —ETH53,

i) EROKEREL FEETHRETHHERTLOLLESHEARY v F &2 308 5 BB CKEX
BDIdDREHHIIAFIXFRT LW BA L, RSO L ERS CHKIRETRD S RAKGEY
NTHAIEXHETH T T 5. FRLNARET»ELBE 111 23BAL, T TOKE b ¥RD
Do A=as1¢33EHET VY » AROEEBICRESAVKRRIRIT T 5,

3 _ q2?
2hc—- 2ghs? “+hy

ZhabRAXES,

( lqlf )2+2( ::Z )8_3( Z: )2=0 .................................................................. (28)

ERCBNT go/gy 12 (25) KRB LV (26) RTHELOLNRBENS, Thind h/he HRDLNS,

(3) EERELTHER

1) Wk, ENSHRIomof (1) TOBRCHLSE, &2 TRERFKT Eofhokt:
EIEMICEET AT A I L U CEET 5. BRERCEL T2 TEL LR AR 11
CHEATAE, KO 4REER5,

Hyp= hc(a + blogn) ....................................................................................... (29)
-— he __b +1 L Blogh) 1y eeveesereerermnrenes 30
Re(m+1)(a+b1°gn i1 )nm +211mhc (a+blogn)+v: 30)

e — he 1 1 2
) — . B ST B R T Y PP 31
V7r+2(-n-v'2 . (m+1)z(nm+1)+ 5 1% 1)
hf=S:HZd” T RRTICTRLTTITPTTITITLRRIILE (32)

ERRCBTREBUE v, Hy m BIO Re/he DADTHD, 71 IV E XBOLHULDERICEL
BhDETH, 30) K& (B1) RéMmb Re/he HETHE, vt m DHZOBAKLLTOE¥DLS
CERbahb,

v _VP+2A-5-V 2 —(7€/2) {(,,_1)(m+1)logn+(,,,,,H)},,mu
Um mm+1

+L{n+(7]—1)logn}2+1/§ .................................................. (33)
2

¥ (29) A& (32) Anb



238 FARH KBIEFERBINEB (.43, 3

§=Slmdn ....................................................................................... 34
[} v
Eich, (33) & (34) DEAND v R IV m 2RE B, ¥ n & 2/ky OBEKRIT
z=SnMdn SO PR OO P OO SOPRUOURRR (35)
0 v

wivExbh, chic (29) KXAVIEHEShS, —F -] BEC KT 2 ENFAR= R4+ —K

2
ZLg(a +blogn)? + thOS0=‘12)? +PL;‘+ ZCOSH treverrrnrrenmrarniriaenrnnariaesioneanenennns (36)

THRICEBI v B n b oz EOBRYRALTRDLNS,
i) MBS =XA%—ZtRE IOKERE, -1 BECHT 5 0HERBOKRE,LDOHID
nEEY ne LT5LE, ERMSAKIHLOMBHERII>ED L 51275,

Ag= S:’“vgzdn = hoe D {1 (7= 1)10ghu} +errerererersmessmsemsesssssssesssisssescnsees @an
J:ﬁiﬁﬂiﬁﬁ‘bi vmhe ’C@ ¥R "oﬁ%ﬁﬂﬁ‘mi
42 _ 1—ﬂ=1—nu{1+(n—1)lognu} ......................................................... (38)
a1 /30

LD tu ik I/Hy DBARE L TEZD WBEMLD EX 2D ¢o/qy 8 I/Hy DBAFE L THEZBRS,
FH =3 & — B U TR RKERTE st 5 ESAE v=a+blogn OFEE X hIHKDLD=%
F—iX

AE=SZ“H(n)-ngdn

= %nu[{l +(m—Dlognu}3+ {3(n—1)24+2H1+ (7—Dlognu} —2(7—1)8] --eeeeeeees (39

Eih, T EORRAKENEAZEATAE AL F¥— E B ERIC nu=1 AR TELRKRD IS
Tt5e
E1=(qihe/2){8+3(n—1)2—2(5—1)3} rreereeremmmiicciii i (40)

Lico THRBIC L B =k 4 F ~ DR EW/E=1-AE/E, MHE IR %, nu ik I/Ho DEFE L TH
2bhBmb, E)/E, X I/Hy 5\ ¢/q0 DBEBE L CHEZBR S,

OFRTHMERETHKE he & UTUL, MHIZ X 2ENOEKES B D 5HHAINT LA
CEVEEOKFEYRBTHOXBEUTH D, THMDOKMUBU D OHAD L OB=F A F—IZKATH L
bh,

ags?
E;= ( 2ghs? +h2)42

Zhik he= ¥gi/g kAW TERTILL 1K,

ha \*_ 343112 —2(r—1)° Eo/Ex( ke \* 1/ G2 \*_ o ...

(}lo) 2 42/41(hc)+2(41) 0 “n
M ha/he HEZBRTH S,

4 EBHNEE

(1) BRLOREICET ZRE

i) & E=hr/he OEITR, THMULLE KBRZ S8, HELICHEIRDN, ZoTRENT
BRI—ETHDMD, KEL & LOBEFYRRTHE Fig. 2 0L 5Cins, HEOMME & LizdiEn
THEAPRD SN DA, I T £ OBEMEEELED £=0.711 AL

— 6 —



HI- TR EBAY » b 2E T3 MABELORBIZOVT (E28) 239

10
Data Nul
& F=|
° 26 N
08 : 27 A— & a
-] 28 o e Py
ht/he o 29 ® ° ae ® 08 o | ‘%
o o 3t
a 32
0| + B
a 34
L 36
04 a 37
] 38
a 39
4 61
0.2 - 2
° 3
¢ 5
|
o 2 4 6 8 10 12 14 16 18 20 22

Q(l/sec)

Fig. 2 Relationship between @; and &.

i) HREH EENETHIRAKERENCKT 5WMEI L RTE Fig. 8 DL5RIB, Thi
HNESHATELL T,

10 : Sots ve/Vme=1.1+0.1log(z/he)
PR 7?5’ TR,

i§ 22 » i) H=H() WHEORE>=rrs— H=02/2g+p/og
e 3 ) +zcost DHMEFNCHBL Fig. 4 0 X dwwhh, HEH
V/ Vi a e ) OB S B 2 LD EDHR B, WTHAREE
o /&2 TORU 2/h OECHT5 HOBTNT—F s 2R
?97 g BH, ZOZENLRA—HRETII= 5 - HXRESh
@/f & BT RSB, T ORRY EROMEO BRI AL
o2 Fotd, CARH=—BLTIRT VY » VRDOREXY—HED
@/—:e; Kb DTHD, fks R7 Y v AFTE curlV =0 # iR

. /f N T35 EEOBEDOFMCOWTRICEET S,

o4 06 08 1.0 1z 14 (5)RXBIVE) XxHBE,

——=V/ Vi
Fig. 3 Velocity distribution at critical curlV o ¥ E!Zf}E—l— L(HI'D)
sections. H\H, on
__& oH_ & ©oH
Hsyv on  howo(n) on
Lo ! I
X (¢m) Q ©
Z/ e © 2
ho8—| o -os i“"—
® -5
a6 o -30 A
o -50 dé r
a -80 ad
a4 — | & 25 -
ot
02 4
.
a .
oo DO L) *® F"
1} 1 12 13

— M (em)

Fig. 4 Vertical distribution of energy.

—_ 7 —



240 BFUKES SBRSEFTEEGRSN BB (.43 3)

. 1.0 - T 11
g ﬂg!.@g; X (om)
q @ — 120
s o
e# ® — 10
o Q- 5
0.6 82 @ - 25
o
2 @ + 25
o+ s
0.4 €
0.2
[ Peomles o

0.0
0304 060810 2 3 4 6 810 20 3040 €080I00 200 400

—rotv (1/sec)

Fig. 5 Experimental variation of rotation distribution.

THY, H 1 OZOBEETHIUE curlV D IS 1 OLOBETH B, Tihbb curlV 0 YRS
LELTE ECHEIRD I L d, BE, EAEL hBLREOCATL Fig. 5 KRTLHHITHD
ERoz ERBRERTVWBE VLS,

iv) RS  n HAOEBHER (65) Lk\WwT, Hysz/h LEUL, FEs XU ESIORAMED: S
fE 1/R #HELRRT S L Fig. 60X 51075, ARCKWT, A—EENTIE 1/R OBLITENE
BETRITERRCTH L L0, HESMETE (16) RORENHEIND Z LB DHLNS,

Data_No F-
10 ata No F-36
X
o7 o ¥
® -05
04 ® -5
Z/m s 39
a -75
~ a -100
0.2 D -15.0
o1
0.07
\\
004 ‘.\\
9,
002|423 *y-to
’ E 4 IS
0% oror 6z 04 07 | 2 4 710 20 40 60

Re/R

Fig. 6 Experimental variation of curvature distribution.

(2) EBRRoRE
D WMESMS L m O FHRO X5 CEBHECKTS v MBIV m Offix (33) RB IV
(34) REBY I THREMRCHERS = LN TED, £=0.711 ¥HVBL % m=-0.75 »\B5h%, Fig7
CHETEC L v BOR v/vne DHTYXRT, FARC Jaeger i X BIEEEER & L COMS L OERSK
T (Data No. F-1, F-36) % Le8, E#AE (Data No. G-5) it 2 ERHEY KO- bR L1, B
FEWBIL T (33) ROFFLILKBATHE L2 Bk, Jaeger DFIIKBEMTTEAME X h k¥ L
TRoTwBA, ZHTKBEMT T oH/on Bk E efBx Lo bbb ThizER L T a2 L itER

_8_.



- 2R ERAY v P 2ET3HEKERh OB OWT E2#H) 241

i.o < . 0 m=-0.75"=11,5-07]
3 Data No .
: \ F—1 2
0.8 A F-36 . 0.8 - . ]
n b 6-5 @ .
\
Y
0.6 L 0.6
. I
0.4
J 04 /
0.2 N 02 /
O‘Q"i'l"
0.0 ol .. I
: 0.0
08 10 12 14 e e 00 02 04 0 08 Lo
—— V/Vme —n
Fig. 7 Velocity distribution at section I-I. Fig. 8 Relationship between z/ky and n.
LT3,

i) H, o4 (35) R AWT I-1 Biliickit s n & z OBARYRDI-HEEY Fig. 8 LR,
O HLABEMITIRIENEBEL Tkh, LidioT Hy BN XVWZERNBELMCINE, LI
IO EXDEEY ORFCRAORB X5 He=hr=—FLEETHZ LIREND L E V25,

i) EASHE  (36) XIF LV LITRDI 1 & 2z ORGSR I—1 WEC 31 5 54 % Fig.
9 RT, BPERTKIR IUCBRERICETER» LB LA CENFHORAES XU Jaeger O+ 7
v AT BB HE D bt SR TRR L

(3) EMAKTOKEBEHBEEICHTIER

0 ' D2 BLO #a O EMHKILOFHR
o pate No i Fig. 1 ok \WC I 1Bl K0T 5 Wl 2/hr

sk i:;m 2 =0 (HBVIT #=0) 25 z/hr=zu/hy (HB\IL
—5 © n=n)ETHESTH LRI DRDON DD, -1

2/108 WE TOSHERROMEDOER zu (HD\ ML nu)

BHETH 5, ChbDEX IO (1) b~ fKE
CESHTHRD B,

EH I NBERO L TEARERS X OESSK
EroXERREY BAKERE COL =31 ¥— H
=3he/2=(3/2) ¥ aq®/rgcosd THKTLILL, B

.

0.6

05

Eq.(36) EAETHEERC L > THEbL b D% Fig. 10

04 \ @ KR BRERO TEKIRZROEREY Fs [ Ferk
03 o X ) IR TERL, TUEHWT 2u/hy & I/
Hy, Off%aRdi 8% Fig. 11 @Rl ¥

0.2 -g -1 WiEwz 15 n & z OBARY 77 Fig. 8 %

BuwaiebiE, Fig. 11 5 ne & I/Ho DEFHRMNR
Hobhbd, thix Fig. 12 &R$,

i) HHEE ESoKI»o0 KEREY 5S4
5 (25) B\ ik (37) R TITR DI #u HBHVIL
I/Hy E DEEGREBATS L TXD, q/q OfEX
Fig. 9 Pressure distribution at section I-I. I/Ho ORI%E LTRDBR, £=0.711, 7=1.1 D%}

0.l

0'8.0 ol 02 03 04 05 06
— P/pghe

— 9 —



242

FORE RBHERTAERES115B (18,43, 3)

0.51—

7
@ L gt

00Q euns

os—

Fig. 10 Nappe profile of free overfall and flow over bottom rack.

m=-075

VLK

¥=071)

pal

04

0.2

0.0
00

AL Fig. 183 D X5/ s, M X5 & BEKBEOBBEISEAMEY b ook 2 eoTWBD, oh
BERETIIKBREE bl iy AVCTw 30/ LT, BREDHIZABRSRETEC 5 Bk
Aii, ENGHEEEEL LTS en L E2 bR, MBS CHRENEY LIEHESAARE S AoTW B L
ERTIZ0ERTZHWAT B L2 TE B,

i) b, THOB=FAF- Lk THOB= ¥l E/E, REEEEROEREY A\ 28481

Q.1 0.2 03

04

05

06 ar
—==¢/ Ho

o8

0.9 Lo

Fig. 11 Relationship between zu/hr and I/H,.



IR ESAY vy b 2ET3BEKBEROKFERDWT GE28) 243

i 7o F 07 me—p7s

T T

0.2

00 .
00 O1 02 03 04 O05 06 O7 08 09 |0

4/Ho

Fig. 12 Relationship between #» and !/H,.

1.0
fa No
\\ F-zle :
27 @
0.8} 280
Qe/Q dp % 29 0
a N 3 e
O 324
o.sr oN S 334
N 340
N\ e m
a N Ta
04 \\ 38 @
| 39 4 |
) \I\
00 A

00 [s1] 02 03 0.4 05 0.6 07 Q8 09 1.0

——f§/Ho

Fig. 13 Relationship between ¢2/¢; and I/H,.

12 ge/qn OEERALCKCY, BEOBLEERTIHAITIT 39) RF IV MU0) RrbELOLIS, #a
I/Hy, DBG, HHWEIhE g/q & I/Ho ODEFRE AT, Eo/Ey X I/Hy BB\ ¢2/q: DEFREL
T Fig. 14 () 5% Fig. Ub) X 55 2bh %, BRENEMEL THhTOWAERE LT, ¢/q
CET2%E0BELFEDZ £ EVE, K2OWTHhWwz bl b, BIVHERA TSR TORRIKEL
ERTHIIRIB=FRAF—BREEFL Tt &3 Ex bR S,

iv) TFUWMAKEE HHEL D FTHREOKE b O ERAREKE be Wt T5% 525 (28) X5V
i (4D R, LBERABC 2u BV ne & I/Hy DFFRE AT RDIAFER%Y Fig. 16 wRzd, B
WAL by OFEHEE LT, 2=+1m EORBTKEELAZM TRV E W) BRMERCESE,
FOETOER B,

(4) FHEMERE L RBOKERR

ERAATO FMHEES EW Mo XEHROME L BEH O 8 BKERROMEL Ao boTh
B, ThbOLROMEAL L > T3, 1) BRKERX =%A4¥-REBOHHEL k= Yag?/rgeost
<, EBHERY AV SHBEL he= YBE/Ngeosd TEHIRB, 2T,

.1 (f{2> ) T S T TSR
» = e S( 2 tajudd, V=i OSHSpdz, (an



244 : © FCABRBERTESEENSE (B.43. 3)

\ )
(3
08 o
E/E o
o]
06 : et
o
.
04 L
e
)
0.2 ‘\
[N

00 0.1 02 03 04 0.5 06 o7 o8 0.9 10

—.——-—..(/H°

Fig. 14 (a) Relationship. between E;/E, and I/H,.

o

—mim

e

04

60 02 04 06 08 _I0O
9

—a

Fig. 14 (b) Relationship between E./E; and ¢:/q:.

10 < Data No.
N £F-1 @
AN 2 O
'B’ a8 ‘_\\ 1 g
e S 29 O
3.0
1«5 L ‘g 2
o e 3.
~
o4 \w;,.’—&?\"”w- 33 o
%‘ N0/ 39 _af
’NQ’»
a2 [,
\\
a0 | ST
oo ail a2 as o4 as Qé a7 a8 a9 0 Lt
— Yo
Fig. 15 Relation between hg/he and I/Ho.
) N G)
=\ -2V udz S N L RN 42
L 4="q S( Um ) wdz, A=y Un (42

u=YED x HEARS, un=4q/h
THb, W7 AR IVEHOEAE»Bafs I M 2HEL, ThitkoT ke HiE¥RD5 L,
FRIRHGES (b5 VIXEE) WEL v oL L ckEHERE Eb %, i) TORRKER LA



AR ERAY y P 2EHT3EKBELOKEROVWT GE28) 245

Data No F-36 -
120
d R
100
080
-150 . ~t00 .. =50 1] 50- 100
= X{cm)
Data No F-36
20
B
\ 100 =
080
-200 =150 -100 -50 o 50 100
. v —X(cm\)
Fig. 16 Measured values of @ and 8.
10 -
13 - X 09 ol Ql ° 0[ °
12 . - I 0.81 »o|® o e ®
PR 0.7 :@ e ©
I 10 5 O 0} 5 1° o.stﬁ
09 o5
07 O 6-5 D&é— 6-5
o F-36
06 ® F-38 (¥} ® F=Ii
05 1 1o F-I 0.l [
04 ! ‘0 +
o ! 2 3 4 s 6 4 8 (4] 1 2 3 4 5 6 7 8
| ——X/he . X/he
Fig. 17 (a) Measured values of . Fig. 17 (b) Measured values of .

DORIDAEHRIT—EEC 5BRABROKERLE LTHEINTHE Mi~M; OWThOKERCLSRT
il i) BAKEEATIKES SBRIARTSHY, LrbKEIELNTRETHS.

O OMESREMEL 720, —RIBFTORICH TL B HERBEHES LCEHOEREIDRH LT,
ZOEEE% Fig. 16 11 0° Figdl ©iit. ThHOENABROZ LA 25, 1) ak XU BIE—ET1
EFELLTH L i) A 12T o BEOew, BRKEAR L) THTEOMEIL 226270 T
H, LkdoT or/ox dR&L 125

Liedio T—REFHEE X B OBRBTTE OKEHBHBRE L TRAE AV 30084 Th b, Tich
B, =FxAF-RE LT,

. nQ:  up dx
dh s‘“e““—kvw o hcos a—dx o
= s 43)
dx xcosa-—ﬂb : :
gA?
EFHEAL L UL,
. n2Q? dN
dh st— R34 —-hcqudx“
4% S LTS P )
d= ).’cosB—-’BQ b
g4



246 FOAR RBIEFHERSIIEB (H.43. 3)

BEVD, CoTIR=RAF RIS E BELEDD, L w=tn LEET S, £DE S EFOKE
54

20t
Sing__?’:-/gAT_hcos gz_:z-o ........................................................................ (45
R KB
a?
Acosd — gA‘sz .......................................................................................... (45)

cExbhB, ERXhi b, a L0 A AV @) And dr/des ZMELIERERNT S & Fig.
18 0k 5CHn, Fig. 16,17 & LISREINI a ), dr/dx Ofi% AV CEIUK RS X ORFK
Big A StE LRI Fig. 19 0L kh THS. = OEM SRAKEE L KEHMRLE OZRE D

k3
B
1.0 020 £
x <
- ]
<
< 09 0i8
! ©F-i
0.8 Oe-8 0.16
oF-3¢
o7 0.14
0.6 0.12
05 0.10
04 0.08
03 0.06
0.2 o\ C.04
0.1 —_ 0.02
00 %@ 0.00
06 O7 08 09 1O LI 1.2
——h/he
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