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Abstract

As described in the previous paper, there are five flow patterns of a fluid, when it
passes through an outlet into a heavier fluid. The example can be found at a river
mouth.

The first pattern, which is called A pattern, appears in a condition where the density
difference of the two fluids is large and a velocity of the lighter fluid is small while the
breadth of the outlet is long. The last, called E pattern, on the other hand, occurs in
a reverse condition, and it gives approximately the same feature with a turbulent jet.

The A pattern has stable stream lines, which extend over the heavier fluid while
spreading gradually with the distance from the outlet, and eventually stretch in radial
directions. It seems to resemble a flow pattern of a single ideal fluid which issues from
an outlet.

This paper describes the extent of conformity between the A pattern flow and the
ideal fluid flow. The velocity and the stream lines of the ideal flow have been calculated
with conformal representation, while the A pattern was obtained through the experiment.

As a result, it appears that the stream lines of the two flows offer an approximate
resemblance with the each other except for a point where the A pattern flow spreads
over more rapidly after passing through the outlet. It appears, however, that there are
differences between the two flows in velocity. The most remarkable difference is that
the velocity along the center line decreases gradually in the ideal flow but, in the
A pattern flow, accelerates temporarily at the outlet. The cause has been discussed by
emphasizing that a depth of the lighter fluid plays an important part in the motion of
the A pattern flow.
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1 ¢, ¢ A
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' 3’ 2 v z \) v’ x v’
4.0 4.660 0.000 4571 0.926 4.306 1.816 3.875 2.637
3.8 4.208 0.000 4,127 0.840 3.888 1.646 3.499 2.391
3.6 3.798 0.000 3.725 0.762 3.509 1.493 3.158 2.168
3.4 3.426 0.000 | 3.360 0.691 | 3.165 1.355 2.849 1.968
3.2 3.089 0.000 | 3.029 0.628 | 2,853 | 1.231 2.568 1.787
t

3.0 2782 0.000 2.728 0.570 2.570 1.118 2.313 1.624
2.8 2.503 0.000 2.455 0.519 2.312 1.017 2.081 1.477
2.6 2.249 0.000 2.206 0.472 2.078 0.927 1.870 1.345
2.4 2.018 0.000 1.979 0.431 1.864 0.845 1.677 1.226
22 1.807 0.000 1.772 0.393 1.669 0.772 1.501 1.120
2.0 1.614 0.000 1.583 0.360 1.491 0.706 1.341 1.025
1.8 1.438 0.0CO 1.410 0.330 1.327 0.647 1.194 0.940
1.6 1.276 0.000 1.251 0.303 1.177 0.595 1.058 0.864
1.4 1.126 0.000 1.104 0.279 1.039 0.548 0.934 0.797
1.2 0.989 0.000 0.970 0258 0.912 0.507 0.819 0.737
1.0 0.862 0.000 0.845 0.240 0.794 0.471 0.712 0.685
0.8 0.743 0.000 0.728 | 0.223 0.684 0.439 0.612 0.639
0.6 0.633 0.000 0.620 0.209 0.581 0.411 0.518 0.598
0.4 0.529 0.000 0.518 0.196 0.484 0.386 0.429 0.564
0.2 0.432 0.000 0.422 0.185 0.392 0.365 0.345 0.533
0.0 0.339 0.000 0.331 0.176 0.305 0.347 0.265 0.508
—0.2 0.251 0.000 0.244 0.168 0.222 0.331 0.188 0.486
—0.4 0.167 0.000 0.161 0.161 0.143 0.318 0.113 0.467
—0.6 0.087 0.000 0.081 0.155 | 0.066 0.307 0.041 0.451
—0.8 0.009 0.000 0.004 0.150 —0.009 0.297 —(.030 (0.438
-1.0 —0.067 0.000 —0.071 0.146 —0.082 0.289 —0.100 0.427
~—1.2 —0.140 0.000 —0.144 0.142 —0.153 0.282 —0.167 0.418
—14 —0.212 0.000 —0.215 0.139 —0.223 0.277 —0.235 0.410
—1.6 —0.283 0.000 —0.285 0.137 —0.291 0.272 —0.301 0.404
—1.8 —0.352 0.000 —0.354 0.135 —0.359 0.268 —0.367 0.399
—2.0 —0.420 0.000 —0.422 0.133 —0.426 0.265 —0.433 0.395
—2.2 —(.488 0.000 —(.489 0.132 —0.492 0.262 —0.498 0.391
—2.4 —0.554 0.000 —0.555 0.130 —0.558 0.260 —0.563 0.388
—2.6 ~—0.621 0.000 —0.621 0.129 —0.624 0.258 —0.628 0.386
—2.8 —0.686 0.000 —0.687 0.129 —0.689 0.267 -—0.692 0.384
—3.0 —0.752 0.000 —0.752 0.128 —0.754 0.256 —0.757 0.382
—3.2 —0.817 0.000 —0.817 0.127 —0.819 0.2565 -0.821 0.381
—34 —0.882 0.000 —0.882 0.127 —0.883 0.254 —0.885 0.380
—3.6 —0.946 0.000 —0.947 0.127 —0.948 0.253 —0.949 0.379
-3.8 -1.010 0.000 —1.010 0.126 —1.011 0.253 —1.012 0.378
—4.0 —1.075 0.000 —1.075 0.126 —1.075 0.252 —1.076 0.378
—4.2 —1.139 0.000 —1.139 0.126 —1.139 0.252 —1.140 0.577
—4.4 —1.203 0.000 —1.203 0.126 —1.203 0.261 —1.204 0.377
—4.6 ~—1.267 0.000 —1.267 0.126 —1.267 0.251 —1.268 0.377
—4.8 —1.331 0.000 —1.331 0.126 —1.331 0.251 —1.332 0.376

—5.0 —~1.395 0.000 —1.395 0.125 —1.395 0.251 —1.3%6 0.376
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x/ y/ x/ ,y/ x/ y/ x/ y/ x/ y/
3.295 3.356 2.589 3.947 1.783 4,385 0.909 4,655 0.000 4,747
2.975 3.043 2.338 3.578 1.610 3.976 0.821 4.221 0.000 4,304
2.680 2,760 2,110 3.245 1.453 3.606 0.741 3.829 0.000 3.904
2.422 2.505 1.903 2.945 1.311 3.273 0.668 3.475 0.000 3.543
2.184 2,274 1.715 2.675 1.181 2.972 0.602 3.155 0.000 3.217
1.967 2.067 1.545 2.431 1.064 2,701 0.543 2.868 0.000 2.924
1.769 1.880 1.390 2.211 0.958 2.457 0.488 2.609 0.000 2.660
1.590 1.712 1.249 2.014 0.860 2.238 0.438 2.376 0.000 2.423
1.426 1.561 1.120 1.836 0.771 2.041 0.393 2.167 0.000 2.210
1.276 1.426 1.002 1.678 0.690 1.865 0.352 1.980 0.000 2.019
1.139 1.305 0.895 1.535 0.616 1.707 0.314 1.813 0.000 1.848
1.014 1.197 0.796 1.409 0.548 1.566 0.279 1.664 0.000 1.697
0.899 1.101 0.705 1.296 0.485 1.441 0.247 1.531 0.000 1.562
0.792 1.015 0.621 1.196 0.427 1.331 0.217 1.415 0.000 1.443
0.694 0.940 0.543 1.108 0.373 1.234 0.189 1.312 0.000 1.339
0.602 0.874 0.470 1.031 0.322 1.149 0.163 1.224 0.000 1.249
0.516 0.816 0.401 0.964 0.273 1.076 0.138 1.148 0.000 1.172
0.435 0.766 0.336 0.907 0.227 1.014 0.114 1.084 0.000 1.108
0.358 0.722 0.273 0.857 0.182 0.963 0.089 1.031 0.000 1.057
0.284 0.685 0.212 0.816 0.137 0.920 0.063 0.991 0.000 1.019
0.213 0.654 0.153 0.781 0.091 0.885 0.035 0.961 0.000 1.000
0.144 0.627 0.094 0.752 0.044 0.857 0.001 0.940 | —0.018 1.000
0.076 0.605 0.035 0.729 | —0.005 0.836 | —0.037 0.925 | —0.051 1.000
0.010 0.586 | —0.024 0.709 | —0.056 0.818 | —0.081 0.914 | —0.090 1.000
-—0.0565 0.571 | —0.083 0.694 | —0.109 0.805 | —0.128 0.906 | —0.136 1.000
—0.120 0.558 | —0.143 0.681 | —0.164 0.794 | —0.179 0.900 | —0.184 1.000
—0.185 0.548 | —0.204 0.670 | —0.220 0.786 | —0.232 0.895 | —0.237 1.000
—0.249 0.539 | —0.264 0.662 | —0.278 0.779 | —0.287 0.891 | —0.291 1.000
—0.313 0.532 | —0.326 0.655 | —0,337 0.774 | —0.344 0.888 | —0.341 1.000
—0.377 0.525 | —0.387 0.650 | —0.896 0.769 | —0.402 0.885 | —0.404 1.000
—0.441 0.522 | —0.449 0.645 | —0.456 0.766 | —0.461 0.884 | —0.463 1.000
—0.505 0.518 | —0.511 | 0.641 | —0.517 0.763 | —0.521 0.882 | —0.523 1.000
—0.568 0.514 | —0.574 0.638 | —0.579 0.760 | —0.582 0.881 | —0.583 1.000
—0.632 0.512 | —0.637 0.636 | —0.641 0.758. | —0.643 0.880 | —0.644 1.000
—0.696 0.510 | —0.700 0.634 | —0.703 0.757 | —0.705 0.879 | —0.706 1.000
—0.760 0.508 | —0.763 0.632 | —0.765 0.756 | —0.767 0.878 | —0.768 1.000
—0.823 0.506 | —0.826 0.631 | —0.828 0.755 | —0.829 0.878 | —0.830 1.000
-0.887 0.505 | —0.889 0.630 | —0.891 0.754 | —0.892 0.877 | —0.892 1.000
—0.951 0.504 | —0.952 0.629 | —0.954 0.763 | —0.955 0.877 | —0.955 1.000
—1.014 0.504 | —1.015 0.628 | —1.016 0,753 | —1.017 0.876 | —1.017 1.000
—1.077 0.503 | —1.078 0.628 | —1.079 0.752 | —1.080 0.876 | —1.080 1.000
—1.141 0.502 | —1.142 0.627 | —1.143 0752 | —1.143 0.876 | —1.143 1.000
—1.205 0.502 | —1.205 0.627 | —1.206 0.751 | —1.207 0.876 | —1.207 1.000
—1.268 0.502 | —1.269 0.627 | —1.269 0.751 | —1.270 0.876 | —1.270 1.000
—1.332 0.501 | —1.333 0.626 | —1.333 0.751 | —1.333 0.876 | —1.333 1.000
—1.396 0.501 | —1.396 0.626 | —1.396 0.751 | —1.397 0.875 | —1.397 1.000

247



248 R IE A
y
ﬁ s
~
A\Q)
o
4 N
&3
S S¢
W
LR
&
3
4;“‘%
&f,
S
Nt
2
\\;,_fIA
o N &
AV AVAVIV N Y
® &> 39 Q 39 b/g
: H K Q/
1 T ,
\y:ﬂ/B
| .
0 [ ¥=0
-1 0 1 2 3 4

Bl—6 -1 726 FEIL 2o T8 & M potential #

iz e ¥ {7 b, FAEE potential ORIR LD E ey, WEERZBCEZ RS,
M B OWFRELNTHRENIR E 7o b, FEE ¢ LT L, ¢/—>oo TR OIEIL,
DRI |dw/dz] DENBET S ZENTED, Tichh (10) K& (11) Kb

dw Q[ dx Qe
G = Gar) = e
o) €* sin ¢’

! — .1
& e W 2 b 528 T i ~1_ Y .
= {(e cos ¢+ 1P+ (e sin ¢ )} 1 exp( iy tan & cos & 1) (13)

MO ORI i g & F U

1
= {e cos ¢'+1P-+(e? sin S/J/)} E
Q -3
= ~—b—(62¢'+l—l—2€‘5' cos ¢') 4 (14)

ZORDHKEBO ETEH T, ¢>—c0 LEBTH0bIHIL ¢ DEICEBIRIC ¢g=Q/b
LTS T—ETH D, MWCHHBIL ¢ BUECRE I D ¢'—>oo L4 RIERILD ¢ 1Tl
e q=0 kA Z EHB, FioFor &0 13) K. exponential term 12 f 1 T
¢roo L BFIEBL DA, FWHIITBMNT i /2 OME R o LERINTREHRIC IR
Do T ZENBRRETE B,

¢'=0i% outlet DETH B, WAL ¢=(Q/b) - {2 +cos ¢} TH LR, WHIZ X -



9 WIEW O P (5 33 249

THE LT D JBlen, ¢=0TRLREL g=QUW2)0/b TH B, ¢ NKELLBHEH -
TRKERD ¢=n THEBRZLE ZEPRENR%,
DL HILHRR O pattern & HUR O AN EE R R O pattern & I Lz ¥

W, EDXSIHRS LR ED L S ERTHEV S HE ZOWMLOBPLTH ) HixdH
B o Tk _Tafzy,

B—7 MBS 5 1 B e A BT £ o B O Ll



250 oA @ A 10

3. BERMUAND &EDEEE

Uit k5T, IO AS BT IRIET 2 X 5 i, EEEO DI
WAKIDERD LD BIFCOABMNLD, TORNDTNLREDS DD pattern I3 B s
D5 HbTRENEL CEEENRECE B AT AT 240 (H-2 05RE
W) LB OISR A3 — B U RIS i~y B — R R D L pattern & ElCu B,

CFMEAM T AL [G-TOE DI B, M ATIEEROKHE CHB, o
D FR LY Tt ATERE R OB O~ DA RE LIcbL O TH LA, B OFID
ﬁ%%&&ﬁMWMM&RLTM% Aﬁmmﬁ@ﬂﬁmiéﬁwﬁ%®mﬁf@5

WL L Bt 27, BETOMENA RN S s, BB BERO TN AH
DHBRECZETH T, ZECMENTHED DT - TRBDA—FHOEELRE b,
¥R T outlet BB AF - T LATHICH T b BEICERT O 52 5 T
WAH LS THD, WMIBROMESE LT ED X 57bDTH - T, T DM TRl i ERR
DRV BRI s - T LA E, i b Pcfiaig v, Lo LEFUE D & Tl
FOWE EONEND R THBRE BB, i) Bicb 83 B 5, S TR LIoBER

PRI IR S i A 185 2 L1k, Fd AR S #EsTH B fo DI E H BLFE D LY ©
RABETH > T, HTPCMICR - TOZ, ZDOWENC-» LB ICEBTHDN, D
PR L, B D CIXEBEON IS BV 5 REM O RMEE R & 2B — A OHES L DB
BT 5 2N TE L, BREAMWNASHE AL LT, BER T outlet TIN5 HEA
%W%:k%f%éo»hi$Wwa%hAOMT%tLﬁ%5hfv@_&1%é# *
DREMEEBOB G HESNRET 2 H i TEXRAMC T OB AW TS 2 LT X - ThT S
LolEzbnd, IDWCHEERTX W«Ué%ofﬁ<%ﬁ@ﬁﬁ@ﬁ&@ﬁﬁ%~ﬁ%i
DTe D BTV ELEBShANTH S,

2O L ORISR LS D LT B AR I e D B E D B, ORI T
HVEREIAA LD,

MEOFTA TR LTI 2 T2 S L3N TH B Z ENL S, JOMED &
HIZ KRR 2 B SR R O B SR T A X 5 TRIBIRIBC IR - i, L Ll e b Ak
WU NHEEW 2 IR 5 DT, %m:n&%MMLTMDmof&éo:@i5t%zt
TEOEBEERCIETEBISELTCWAL0L LTHL 200 LEORGHMAOE AR &M

MABRALTEELZNERD THA 5,

BB L R ARRI2ED L S nbh2bND

(V-V)V4egFh =0 (15)
Ve (hV)=20 {16)
2 hEERBEORE, VEERORES27 rATHY, « R ETFTIFOEEE L bl



1 W OPEGE (53 W) 251

2L DTH B,
IEEE T 2 RUE 3 T P X V=0 TH 505 (156) /5 1 EHix
(V-P)V=P3V—VXFXV)=F}V? 17
L%,

oz (15) RIXFHG ENTOEDLE BV ITIeD, Tibb
} ¢*+egh = const . (18)

o g=|V| THbH, ZoORIZBAKAKD ZBHFIZ ST, Bernoulli & [FEE D FE BT
H5,

ZOEMND, outlet & HCTEIFE h 28T 216 - TRV IME I N B HEEMD Z &
MBTED, humhmﬁof&wwﬁyt,%mmowkb#%ﬂ&ﬁmibmﬁquxﬂm

~%%E5@TmMaf~MMEéﬂf%%@&&” Bl LB ix 0wl & Ex2bha,

20X SR ORI B OBKIENRE e EHA R LW BEDTH T, L
4 (16) I MliFE RO LIRKE L 2 A - T B 2 & DEO BRI 2 I LT % X 5
bbb,

(16) K/ B BIEIT HI M9 % scalar ¢ O E DY CHEAET 5 & VA5,
hu = ﬁ¢ l

oy

woit ;

(19)

99 _ 1 3¢

dx =~ h oy 20)
op 1 od

oy  h ox

L 7e b, Cauchy-Riemann O & BB 418 5, Lo L & 2NFHET D00 000386
R TR IENEA BT %5 5 3% potential #FEFHRCE 7o € Z ORI M G408 1
LRI A OFE L E bR b, L ? & ¢k

00 04 | 99 09 (21)
ox ax oy oy

LT 50T, TRERDSEMHRASHCTHELT 5 2 L ik—Hilko W potential & Hih
BIBOY & & T s



252 MmoR L M 12

4. # i

R O A T outflow pattern &, HM—IEARFE kD pattern & &I L1z, %

DGR, WEWDTTNOHD Y FHneeifi <, outlet HHTLIXL K LThLRECOAHD
ZENRB IR, OO TIREBE S e I KBEASE - Th B,

R ANTIIHBE G L 2D B & hesd, & QOISR - Tofih Ti—iAk Tk
KEBIWA T % Ot U, B TUL outlet DAL CT—W I XD B 5 D2V
THod, Zihul, BERTE EEROEIVEECEDCHS LTusbEErLbRD,

EBEBHROE X2 EEC ANRTCEER O outflow pattern 122\ T OMEERMBIT £ 2R H B
T/l SREASBROMBZET 210 TH-»C, EREHOTRLMEE » THRES T
E o,

Z OF A DBAEFT RS M o TR THERCF R AR 0T W SR O FER) & W o 7w

7oe T ZmEHELE L ET B,

X oy

1 faf - E BIER OV (5 2 W), dhR T mEs 43 %, 42, 5 4.

2) Ok - sEE R EEDE O T, 8 14 Bl TSR AR, 18 42, 10 .

3) M. Kashiwamura & S. Yoshida: OQutflow pattern of fresh water issued from a river mouth,
Coast. Eng. in Japan, Vol. 10, 1967.

4 R - EH: R0 flow pattern 12>\, 8 12 mIAHIEE S AR, 1B 48, 2 B.



