ooooobpooooo
476 O 1983 0 248-267

248
ﬁﬂ%@MmmW?@ﬁ
RHNRE  fE B
1. 3o

Pemecm') Qﬁ/\fnﬂma Swmﬂ) LLEE ﬁ@ﬁﬁﬂ At
CF3FRE (MMMWZ"?’@) 1IZ 79w 2. %’< DEREATE
SN TEE (HRTF R OfFRE LD D F C noFPA £
BEINED) LA L, C0BR. BREOMNECERDIHE
H¥ERRNB, I IHBLZ Y. L. B %- <. |
XN/17¢7F0m}%%ﬁ%h%%féﬁﬂﬁ%ﬁﬁ%
W LT WD T Maamgen F R A mﬂémﬂ%% FOR
A, L3, ZOA AN S RBNBPDM RN, EEE .
BENWAR) ETFV E 7 BN (s » 7OR
NI )2 1. LEKE) R BEEI N £1)),
ARG T}, AP - HPONEBOWREE ) 7. TBEH
Bl R 1 2 K@Y BB, REAEH - & 3 KEAKN LviR
RONBLEFM L w3 nFRI<EB L. ZoREME

A %,
- 1



249

2. PR O EA
B ok N ABrRG B LIS EN L LT,
BHEREFy losores. covd RBNRATILI
A ’ﬁ@%ﬂ‘ Zf‘) . %Hﬁ N e vr e

N EBRRASrE "
N4 m%u 2 GO B S,

3 (RAEFE5T)
mmia o E L EnPE =

Gas II wII. A
CAX 7k TR/E R T RN
3. Fig.l COnflguratlon
?@%ﬁ%ﬁﬂd @ﬁmﬂ @@ﬁ&ﬂ ﬁﬁgmﬁ
V-Uu=o0 Pl T A o

th

DT
Dt

NHEBH. BL. WEREAZF IV (U, V¥, 0), PRFED,
T3 BER FL . %%L(@F? ﬁ%ﬁﬁﬂ ﬁzm%%
K) d-—Rrd3,

=<V ;f‘f :_»g)

2



230

e #FHree@gd (Luw, p, T, ¢]=Lo0, P, T, o)
Y nH OBy L. BRtB 0 IBE A4t 1 Newton 0 455D
2|

%}r_:i );‘in (Tzeo = T) at f=th @

(T, Tow, Y2, i BRrRMAL, TBl2nBE, BATH
&%z 2+ 2N -@ikd3) EAVZ L. @, @RS
M.

a—

P = cenat.

T=041+b &

0= Too — - Yz Yz _ Ta-Tx ©
R 2YaYe trr+ 7z 2

| A Y1)
bf'-{(l‘I‘Vi>T°° + (1 + )’1)7:'”}271)’111'/'%1‘*)'1[

_ ’TZ;TI o
(Ti=T&k>, Te=Tch)) 2183,

ML HONTERLLW, P, T, 4] h%kiERd % 592
209

V-U'=0

®
(P37 —#7?)U'=-Vp’ @
3



251

0 ’ ’

2 ycv)T + A =0 o
z%@-%%%ﬁn «ﬁ,i%wfﬁwmﬁaz

2an _ g »

A 33 M %bi’) =1 By (2L +a 4z W”’) 2

X
P +2 20 .—_— +0“ Thy o w
4% ERCLIPT
ST G (Traka)

(4=t ReHRLT. KB 1, TRVEBEL 3, WUTH
) 753, H. REKN 0 x. BRI 70 3 R4k
N B3R o 2. ABERATIARLTI WS,
WRELIRERS (01D ; B=20/>T ) Br < Kk
HABLE . DAL HEERN EEZDL 7 V3. Lo L.
Cen. HR0B. AT LBl - PR EE LS. 2.
mf?\%lTwTﬂn\da%“) 7(*473( Yr=ro , /SI"ﬁﬂ.
PENTLH. B
TF@o) = O tBarn . ®

IV .
4



952
J(Tz) ~ O (To) ~ T(b) (6>
LB 2t 0 4% (WXL, RErERBHEENEE 0
e+ B2 0. 72 NIcBAd 23%8hs. 9 ns <ib~ 3)
R, BARAC

gl ¢ Kt
%. %, %]
’ v
[w% p Rt T %}
K ) /UK p) afL ’ 'ﬁ,
LRI
MR = f’uayff (Marange'ni %{’()
Y (B(\otﬁ)

Pr= p/Px (Prandtf¥K )
Nc = DA (Cn‘symfloyt ﬁ)

BT S (T. BLAERBLBCHEZEANS). ®, @
ANEHEW. 0 OATDU, PEARLZ. Bomt

[ v, T, ‘/’mt] = [ch), ?(3);31'1118*7(“58)
(k; B, A BETR) cHLL. Q~WRHE. X0 &

i BH X3,
5



253

A _ _d 2 /2

{(‘i—_ Pr>&f](' =0 (D“Z@‘ L=D-k )v

(L-2)¢=F o)
( ASz,z=f @

(L +2/€2))C=f-i/‘/];z/<2(9+81,11:)k @
{

(5&—2&2_%:)[)](?:1%,81—,1 23
" DF=F7(J+S5,z) )

at =11
19, o NEIARAR & BRI G L 1c ) (KBe, o
Z‘ﬁ/‘f ) i%%‘%”?'f”f < HVT. an, g, (23)7:\‘@% X _\ﬁfoy v

| (¢ +2k*) fe.o ,_._'_f—f,’—z—@z D%e | .

(EC— 2k™ - ‘7%;) Dfe,& = /5: SZQiSI e

Z,ff% . @, @R ). forrd - 2 B HMBRETA .
fe tr BIANS KL F R L T % FAE. Ll BA
BT A EBRE SN IR0 N . 2 o) BVERER

LB TIRAD T35 75 .
6



254
D~eDEFE< ¢ . BIREMr(k, V., A, B, Ne) 73k
HoMBr. FEEZR. BYE - F Me(R, Y, M) iz
WL N AR T 2

3. BBE - K BIHE

A=01r2,WZ . BIAYE Mz 1T,

=3 [(ktyx)(k+v/X )/ Ak @b

(X=tanh k) L75%. {BL.
A-‘f(ak X — 3kAL)(I— X3 - & X2}
{(QK—M*SJQ/VC)([—~ )—,&zj @9

'Zﬁ)ﬁ Mg DIREALPVWLBLOZTHI7 5. @ENHFR
2. Q0B , E-HTL TeNEE W, 2270 AT Mg
70@%@*&%%5 eV JQ-W’OG’)&* Ne Iz & g

Mo ~ &R (k+Y) Go
-A . ke.OZﬂnF.x | | | |

MRA3ﬁ522X+/) ‘(/VC':'—O) ED)

M’Z A(I=3Ak) Aex0) 7

LERDIMND, HiE, 2. Y KT nL . Bo~698031) THE
\7



255

Mr& Y 7Y . Mg MK EL 5, TR T 480 H 3.
L. V=07 B), ORI Me—> 0 £ 523, REEF
BBy, ORI TIMNS §F . ROFFRY>D vl #®H&
ﬁiﬁk’("%%z"f)%ﬂ“‘ R=07Mg=0%dv. Me20 (Y
0L EED) L, TnF. M. BRBO<ALTL
XNABBTH ). NeoBWre ity . Nek &k Me ok
L. TS T MR o Bm4 %, Bie. Ne2SE3 L,
DI D L 3R e RINF . T #ﬁﬂ-'{fxaiﬁm&u: 5
BLUTELTFS, |
RORNTTEAHE % F»as 2~ llr=. E&B?Mmamawmﬁ/‘/lza
LY DFRE Fig. 122 . A= 0 (FR&E) P EEF (Fige.
, 12) ¥ FE BRI RRR
Mee = 13 Y +24 * e
Z2ENINS, 0<AL0.0095TrE. Y AT aﬁf@fw
M;zci?'ﬁ\ Y RELEB e M WWE(F;;. 3 )" Mee t
7H, —fo. BEBEEIA 170, BIEBEIL THOFRRYy %
FFI G B, K. 0.008LM < E (Fige. linb,12) Tr
g4 FUMEBL. MenPBr E e Meerdihd <753, LA
§ <AL 0324 (Figs 7, 1Dk B2, 44 700 EEXT
0D, NPT % L Mee 3K X< 5%, . 03U

<%’(F,35, §,12)%rE. YNNI VWL R g4 TaoF 7
g



256

g bta

pobt

o

ooooooooo




257

6°b1d
Hy
ooy 00¢ ooz 00T
\ v —
PET0=oN
[128
0°S
01
v\ .n.O >.
T00°0=
|
L°bTa
Uy
[oJ024 oot ooz 00T
z'0=0N
=
s
0'T
"0
100 0=A

Lt
00y oot 002z 00t 0
€€ 0=oN
o ot
0°S \\
. \
4\
T00° 0=A
9°b1g
Hy
ooy 0o 00z 00T 0
9991° 0=0N
0t
0's
0'1
o
. A
\\\\\\\A 100°0=4

/0



258

Z1°b14
A
1 S0 0
£°0 €E€°0
10°0
§'0="N

S¢

0§

SL

oi-3 A}

iy

oov 00€

00z

IT°bta

00T

0 T=ON

\J

0T
\\\\w ﬂ./
\ 100°0=A
0T bTd
y
aor 00¢ 00z 00t

S 0=oN

.

//



259

Bh, YN REVCT L PO Mreh 52500, N8 %
Lt Me #KE<F 5. Bie. S<A(Fys. 9~ 1271 91
TOR E> T MatrEE). MedPEmy Fro Meeid KEL 7S
2. . 94 7PN 0BE. wINE MrerkY cB L1317 ESR
- T LT VDB, Nernzd L 713, FENFER Y 12 N Mee
DENAKE VTR G (Frg12), L. B4 70 FRE
Ko VARTILH 3 LT F (Fy12) 4, chg. BR
1B NBBEEH WA, ¥ 5007
T +4%1=0 at ¢=1t1 G4)
L7 B F, CHBHSN D, BPH. Y ARARKI L. @
ANMD . AAWNBRERABN < 753 0) . (ANAEN EE
O RABLE T 75, 7. RMEEBR I NF V.
4 ARRE SN BBEE L TN D NF — ¥
Rralrer. [F, 2] RN X
:L;o k(47 #7] 8y
LBEAL. WARCANT 3 (BREEE I BT N
BNKERAGON S . GHRNE TEBL M EW) AL . B
B . Meld, Me/KaBwe L 7237, e B84
260 LH %,
WA BT, @A &)
FO=(Co+ Cig )1 - 47) 6y

12




260

(Co, CHRBRRE) 5%, NE@DALAXN FTHIE.
St+ Sz =0 v
S1-Sz=- 12N /R | El)

L3N, REWK IS, L. @, A1
?‘”’ Co (S8 =15 ¥) tC (57 - 25 )

+Bo. + B, } GY

BI85, AL . ﬁa/ﬁﬁﬂz? |

B, = — (_)g_ )Co Sz+51
G

Bl =~ var{(75Y +4)0 +y 352 ]

2Hh%. 217, FREANGE . 69, GDRERLAN
1%L, GOANMEIN %,

A . REOEAo»H 256 <. AL/RENBFrz>7Z,
MEBR L Z kR=>0%43%55 ¢. 60, BDAZ EHW. 69, ok
i

(D@w) yg_,-)r, /2/2 (0?0)1 @
(Dgto) — 2 CO | %2)

L%, LU, 28T L EQRABLATHE R 5027, @)

ANFER X 34 QAF. Ne/REOEF R Bie4 2 A,
/13



261

(Dde)r M L F 755750, L. @3, AAZ IR
BroBLINEE+ntHIFEBINAEV, Hc . R
TWNHIHEc L. BARFAR KEAERLF PR ¢
MEEN DT . BT R0 HAREBEL . BRAA
ILHANT 1 S1=Sc=0L LEbn <. %A . FRE % EHE
U RBTAEBRLEBB AT S, 4, <. kB
 BAAP R, EHRARREIL 70 B,

2. §° P4#843 v . @At

St + St = 4Ale Lo/ K® e
LEIBLON, eRF. Ne/KBIRIEL T
(DG’ + ke DJE)s ~2(5 MG

LA . ZOELNMnBrRKBEANNECHS (2oL
5\w,mﬁ@ﬁﬁxuzﬁOﬁqzuéxwﬁnxﬁ‘w
AE

(D fm1_ e __KB_(D?(D) |

b 43
(D5 ~ —"BE- (DG + kD) }

vHEHINT. vm& Qm%ﬁhﬂﬁﬂ@ﬁﬁék%ox
Ny &Auﬁ@%ﬁmﬂrﬁﬁa g TN E &
. BMBF Me » TR Metr K 2L T3 B L Mre t
KEL 5 NRRRAT B (F.?S.Z[» ). ZHL. A>T 1= 7u)



262
Z@\szﬁﬁﬁﬁﬁéé“@@%Wﬁ”Lﬁ&%mﬁw
N EHZIN 75V,

CIE 5(:!'/11\/6’7/\ L - &faiﬁ]’}éﬁ RNty o BE%Z 23RN % .
KBznRBUW, BRET, REEA D AN E1E,

M(i*ﬁ)“*”“( wankz @4

T, 1t1) = 3721 oo kx )
©

Mwrr = F HE(GF),, ek ”

7Y, S1=Sg=00r %

’ d)[{o) ’
Cl_,(?l‘?—)rz -——-2 /;(H/) ) <o wra

L4812 [ ) <o
G IED T vty U 15 Cr+)

“48-a)

(g‘gf)) =% 7 ?(?7) | wi-a)
SI,SI%DmLi‘

T S sas g S

) 6/\/ l_ 5’/\/& Yy v ~
E?m)mm/(c( ﬁ;/ 7=3Ak T Y‘i’/) 45-t)

/5



263

o |
—é(??{)ﬂ“#%—@ | R
L75 %, AL, BAEZR WL TERY L. 60EBANMR
<&k, CEXBELING, | |

N L. R A ML- FSFMNONY - VE
Figs. 13~20 1. ABRORKE, (X, +5 Bz 2 x 198)
P, REPSRNOBZE 2. 20 BEAVEBRAKE L7
LAWY (Al v, BRVOBRAEF 2100 N IV =41
IH) . BN RKZVE A BWER IR L 2TV 3) R
NLIWNE. L. AA”lrd. GLEBRE D LIBREHH NS
“YRALIWD. JE FaysdbA2e b, REEMAR
T KET B L 2H). KET A LE. M=
(S1=Sm=0). k=0125TvF. @, bh RV 41-0) ~ (2-0) &
PHARING §5 . KEO Nk AE 2 KA B < |
0, 2n/k THLTF, 2. TRIZED I FNEFERL T3
(F.?” 13) CONG -2k k=1,4127, TLEFRREHS

. BB KE ) LR - LRI B KE < 77D (F;;s.
14, 15), |

REEMMND L. BREIRTE. 8D BIATAHE §F 12
IR < 75 3. Tl e, MhAL &) R ERRA

P RECT5BE. RN AL 5 EN T (Figs 16, 1), K,
/8.



264

k=1

Y =1

MR = 44.3
Vmax = 0.870

o
L)
o
z

T <IDIAA=<A<T <<a >
VPA4<VVV%V§5BAJDQ'
)

A= A A 2 N iRy
2420023 111 Y. Y. ¥Ry
vy o<ODDMBAAAAAAGY
VVVVAAAA§AAAAAAAV
VYU 4444888000y
VIAasvdddd4 40 M DSy
VQacorddd44 AN b~y
Q§m>pvaddddA§wp

d Vo N YN. AQQY ¥ pthY>
d4domnaqqquyyypad
d4doa4qq vvvvvv»ﬁ
bAddeqqy VVVVVVP

bAAbdggyy vvvvvvv
Ahbvappy

Abhwqapp

V ,
Adv<<ans yVVVVqQA
h‘b‘v<a<:<a‘¢hzz LLppyAnd
fs e e boe e e i e g

-1

w
~
-
[~
it
-~

Mp = 1073
Vmax = 0.016

y=1

Blddeaquyyyvyyyed
AAddoquuyyyvyyupd
YR EARAA LA A AR
bAAddggyyyyyyyypd
AAAMAgygyyyyyyvDd
AAAMSpyyyyyyyyyyd
AAADSpyygyyyyvyyed

AAbMDdSpppyvyvyvead
MBMY<spppyypvyvald

T | g ng v

- o

-1

Flx

Elx

Fig.14

Fig.1l3

17

AN<2ppppp PP T Y

Ng = 0.0001 "
k = 0,125
Vmax = 0.036
81 = -1,57%10°*
S2 = 1.61x107

AAAL 44704 QqIUTTY VY
AAAAAd doq v

Ne =0

k = 4

Y =1

Mg = 160
Vmax = 13.4

«<«<1<<§!<1<<3<< ==
s : % DTy
Vg aSASASASACANA A SA VA VAN A 7 I
Jr2= 2 A VA VA S WA VAN N VW RN
pASLODBLBDDANBAAA
JUAAAALAANAALGLAD
Qagddddayd 444440 §
ABDCTIIIIYIIII AN, §
AToroTPrTTIdd A vay
AT d oA |
S IS <<
e N S N N NSNSE
I EoALAAAANAANAAQY Y P b
4PAQQQQQ§QQQQQV7V'
Av«QQQQQ%QQQQVVV 4

byyyvyy VVVvyvuy

=)

Tt

S<aspppp pPPPVVﬂV“
N[AKLBBDBAOLL P Y Th
wIaaa VAN A =g}
<<= ==

QTG ] <<

- =]

-1

LIRS

el

Fig.l6

Fig.1l5



265

Ng = 0.33
k = 0,125
S1 = 28,5
52 = 38.9
Vmax = 14,6
81 = 2,62x107"
82 = 0,0392

-
Mg= 39.5
" Vmax = 12.8

~
w
iy - - -~
sy
%z x > =
e ReasRSES At S i S s Sl S i S B i &l

MWWQV i
P A A ASANASANA AR S AN SIS SRS AN
V V <P pdVVVVVV\>§VWV5 i
vrebAAAA PZA A N NI SN N S SR Y
VAAAAAAAAAAA AAA
(avdddddddddvoe~rd i)

AoV IIIIIITITod A

= = e e v v v v v v e

Elx | o g e = S e e e e e e e e et e e I

1)

o] . o
— Mwmm o~
. T OBANANANLDLISISESNA | .
Ak d aaaaad hAaLSESA o
Fe 4aqqqAq 4 AQQasnqq | B
byvyvvvuyvvvy vuvy
bsoppppphopoocapy
Swasppppprrooacs pl
AWAAAAA&MQQA 2l
év<<44 eI AN
o Q== << e e <] =l
2 - £5G0 ERVER S
DRSNS RSOSSN s e Bl GOOQUUUaIIIIIIA<I<T, | Kle
VIyyrppegebbbALAL ppoaanasa ~vo o b
VIyvrpposuDbAAAAA VP poroacat<wwOL BB A
\AR A A AR p*t b MAAAAAA VPP prooagwodLbbbA
YYVVyvppybAAAAALAY 222272 NN NYY)
TYVTVUVydAAAAAAAA TUVUUUTyAARAAAALL
AAAARAA RS KRR YRYY VYyUQQanyddd44a44
vvvvvvvawﬂﬂﬂﬂdﬂ&ﬂf V99 anseooddd4 44
“vvvvquq 444 A8AA y9d4aanscpoovddd4 4
7YY Qaprsd44444 Jaaassoetoooouvdd 4
T > = S e S i [ e e e e e e s e e (XS
Aﬁﬁﬁf SSERAEEY = ff?j?””ﬁ;i:‘??ﬁ} =
JEQIITT VY . o .
{AAAAAAAA%QQVVVVVV S‘ 4444700004997 7 ¥ S
AAAAAMA L dqyyyyyyy B A 444974V Y =
AAAAAAALTgyyyyyYY AAAAAADMAGyyyyyTYY
AAAAADADappyyyYYY AAADMDSS<aApppprwvY
AAAAAABM[;VVVVVVV AADOSNYS<<nspppppy
AAAAADDDYsppprRYYY A DS~ <<wansspppy
AAAMXB\)MAppVVVVVY dovowseagaanasnspp
ES LS IS ES LS TG e <I<J

Rt s i s s S s S RS S S S e ] L=

~ =3 - Ll (-] T
1

/3



266
(AN SV @Y1 21iii LU 1%[’@2 FIEOD. W-HEE . RS

s 2 T HT 0N A% O BIE M EDLT LG, B
M KEL 5 5. MR RBEANARRCEDL) . R
MBI 755 (Fias 18~ 20, 227, 00), 68, 69R& Y S0
W E Kz e

6/\/0 _ Y 3Nc |
R 2N 7+ 1 1-3M j o oo

LT BAD . RIMTHK - 75 B 84413

SIN—‘

[ Y+ I
32}’+|V<A/C(<—3—) b

LTINS,

5. FL Y

AE. BIRO Maramgons BIR1= 5 5 DILRRAH LGS
PIHKE - HI 2 RET K > v HEHRL £, DRBT
3 W°C K =1.002%10%9 fom-sec, K=[42x107 em*/sec,
B==0.16 dgne fem- dg )” LB HN . PREROBLE b
BMre=42.2 (Y=1), 94 (Y=4) L. Bx |ah?-
28x10°, Thxl03 dig-cm B1F3. X Bl U B g~ K7 v
7. Ae=22x10T/R (Rem)etrB, B, 7. FFBIHHED
CRENERL N BR-HE50 8% 55 BN 3,

G- WWASRNT 244 (IAeMel << 1) EBRESK
19




| 267
T3, ALE V. —NEREd 2

I
Ne <5 797+

L78%, Z0HMEd. ORI Mee v 5 L X2, REEMOE
f-BM0ERES 2260 HD. Rl EERe. »
TUE~DFRMBCBELL VTV, TN, 29 LERR
™Y, WeMel 2 1 m%ﬁmlft’\%i%*%aﬁll ﬁ&ﬂz H7 L
WAEHIZ B ) 20

‘References
1) J.R.A.Pearson: J.Fluid Mech.'i(l958)489.li )
2)\C,V,Sternling ahd L.E.Scriven: Amer. Inst. Chem. Engrs.J.
5(1959)514. | B
,3)'C.ﬁormaﬁd; Y.Pomeau and M.G.Velarde: Rev. Mod. Phys. 32(1975)
581. |
4) M.TAKASHIMA: Bl FLADT- % AW  8(1980)49.

5) K.MATSUUCHI: “# §RAN15 % n%ﬁ?#ﬁﬂ%ﬁi\mﬁﬂﬁ&*ﬁ ﬁﬁiﬁ%\
R ERHATEERER 218(1974)197. |

6) M.SAKATA and T.FUNADA: J.Phys. Soc. Jpn. 50(1981)696.

7) T.FUNADA and M.SAKATA: “ZR1471 @n%‘nféﬂﬁl‘iﬁ;?ﬁ@f’&fﬁé(1_9_80;).
AT BEAMI ST BRI SR (FITFR) |

8)’G.K.Batchelor:ﬁAh Intfoduction to Fluid Mechanics;

2 Cambridge UniV.PreSs(l967) PpP594-597.

20



