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The Use of Air Bubbles and Silk-Tufts for the Visualization
of the Flows around Submerged Bodies

Part 2. Methods for Tracing the Theoretical Stream
Lines with the Electronic Digital Computer

Kyo6kai Okuda

Abstract

In part 1. of the report with the same title, the comparisons have been examined between the
observed stream lines in the flows around submerged bodies and the theoretical ones derived from
potential flow theory. In order to obtain the results better than before, the theoretical stream
lines especially have to be drawn precisely.

This report presents one of the methods for drawing the theoretical stream lines precisely
with the electronic digital computer, FACOM 231, in ALGOL language. The flows dealt in this
paper are the following two series of flows, chosen from the ones discussed in part 1.

a. Flows around a Joukowsky Airfoil Profile. Using the Joukowsky transformation, the
stream functions of the flows have been calculated to the direction parallel to the ordinate axis,
that is, to traverse the series of stream lines with constant values of stream functions, increasing
or decreasing successively. The angles of attack of the airfoil profile chosen here are 0°, 5°, 8°407,
10°, 15°, 18°407, 20°, —10° and —20°.

b. A Flow around a Rectangular Step in the Bed of a Deep Stream. Using the Schwarz-
Ghristoffel transformation, the stream function of the flow has been calculated along the stream
lines. The height of the step has been chosen as 11/4"".

The calculated results of these flows are shown in 11 figures in this paper.

L £ 2 b &

RBEADE L Vs W CEIRRE BRTERE B L TW5Y, FoTdh T
HIOCZD2HOMBE LT 201 HRRE T BE X (HILERL L, FD7
HOLRO—D>E L TETHERC L 2HBIMBROBHLHALIOT, ZORETIE IR T
B o et o,

1) Joukowsky B FEH oith

(101)



102 BOE ¥ W

2) WOFAOERCEAREODLHE50HR (BB OFh, BT 5) © 24
0BT, FOBELRET D,

I. EZFhRFvoe il

1. Joukowsky BEDE O DiFHE N
TR A e S AR B Y oFh 2 A0 Joukowsky OZEH% AV TEET 5, Joukow-
sky OREEE AVGCTHEBOEXED S L, AROED OBKRKAT v v /v 01X, KR TE
haND,
o) = Ullz—uwe %+ {al/z —u)} 1+ 2 U a, sin B-1n {(z —u)/a;} (1)
z: MREOEY OWh%# 2 2T
U: \BFYRhOEE
Joukowsky T o FHEFRED .0y 0 FEE
B: Mz 14
ay: FEEMREOER
ET D, FRBROXEANCHTAAEE L, 050 232 Uk 2) 2R), Joukowsky o
D OWNEFE 2 B T s Tk, Joukowsky Z# o,

=il

=

¢ = z+e¥z - (2)
o721l c: Joukowsky ZEHDFEE
TCH b, T
w=9¢+i), z=x+iy, u=x4ty,, r—a5=2¢, Y—Y =75

ERE, FRHECEN IS, WE U=1 BT, ORI VEHER ¢ kD2,
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e = cosf—isinf, ¥ = cos f+isin 3,

2—u = xtiy—xo—iyy = (@—x)+ily—yy) = é+if,
In(re?’) = lnr+160 = _]2; In (2299 +i tan- g/z) ,

In{(z—wfa} = In {e+iF)a} = 5 Infe+7%)~In ay+itan-1(7/e)
THHMD

w(2) = E+if)(cos B—isin B)+ai(@—if) (cos #+isin B)/(e*+ 17
+ia; sin B+ 1n €+ f?)—2ia, sin B-1n a; —2a; sin B-tan~1(F/e)
= [{a}/(e*+ f?)+1} (€ cos B+ F sin B)—2a, sin #-tan "1 (F/e)]
+i[{a}fe*+ F3—1} (€ sin B—F cos B)+a, sin B-In(€?+ F2)—2a, sin 8-1n a4]
= gtig,

¢ = {&)e*+ F2)—1} € sin f—J cos B)+a; sin B+ In(e®+ ) —2a, sin B+1n a; ,
I 2T, sinP=a, cosf=b, aysinf=c, 2a;8inPlna, =d, e=e, f=f L BIIE,

$ = {df(@+F*)—1} (ae—bf)+cln(e+r?)—d = (3)
W ¢=p+ig BT RID p,g kKDDL,

p =x+x/X*+yP), @ =y—y/+y’) e (4)
BRDBEND, QRO O P—FILn b X O x-FROMEOR D DREEFEHT DT,
FhEa @RI v e~ FRIZEETIE, Joukowsky BEOF b i nEBons, - 04,
Fle UCGEE Ui Joukowsky HA O B PEEE LT AS X 5, EREHOYERE a=
275 mm, FuLOAME v (—2.5 mm, 0.5 mm), ZFROEK c=26mm, BiZE [ = 1008 mm,
BEX b=1175mm, FEHEH5HBFEOL D 092mm TH 5,
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2. BOELDFEN
Schwarz-Christoffel &7 #a o— %L
deldc = K (c—a)s (¢ —0)= " (g—d)F o - (5)
Tl ab,c e FHEIOEE LD A
a,fB,7, 1 2PH EOEATONA
K: & %
EBWT, a=032)n B=n/2, a=—1, b=1 L BFE, ZOHEHEOEHRDOK

dzjde = K(c+1)¥ ¢ —17F = Ke+1fe—1P
= K¢/~ +Kfee—1)?

PSR B BRS LT

2z = K(ef—1 +cosh-16+L

= K{W&—1 +in(¢+y?=1) }+L «[8)
kL L: BOEH

LB, CCTH2EO =FPHED C AREACED B A% =ik (h: BOES) 2 Th
i, B)KLD

L=0, 4h=Kln(—1)
Leh, In(—1) REEERRTRE In(—D=ir TH5mb,

ih = irK s K=h/z

z = (h/m) (W& —1 +cosh™¢)

Tk
z = (hjm) {(V&—1 +1In (¢+/2—1)} e (7)
Wi - B —REe il V olih ik E L, FOBEFERTF v v %
= W | o183

ETBE, BREEX

dwldz = Vde/dz =(V/K){le—1)fc+1)
THhbDH, - PHEILEVT, 2ok dEE dwdz=U ThE, ZOLEL ¢ 0T
eh, fE-T

U= V/K = Va/h, s V=GmnU

w = (hU/n) e = (9)
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Fisbb, O RCTLIPTHLY (ORI LD - FEICERETRE, BOB D O R
bHMB, ZTHEMER ¢ VT,
p— -+ (10)
&R, (1) Rk
2 = (h/r) (t+sinh ?) e (11)
LB,
z = x+iy, ¢=§&+i7, t = ptiq
& B,
& = cosh pXcosq, 7 = sinh pXsin g e 5
x = (/) (p+sinh pX cos g), y = (h/z) (g+cosh pxsin q) e (13)

LY, 2,y X p g BENERE LTS T TERLEND,
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COBE ORI 2 BRI TIT R o 1,

A B 1B R

HEUEMOR D OFho ¢ #FbHTH G) A, =, vy ¥PUHCE 2 ¢ Oz RD 5,
Tlebb, z,y M FTLRRCELR I ESHMBE 0L AD ¢ DEEHET S, Fhbo ¢
DEDEAA L, kA HUOHMAA KT LTk <, ¥FLhkOBBOME[L LT ¢=0 O
HROMBLHE L Tk <, ¥3NCRZOHBEFEOBELRL, H4HCR T = 75 &0H
IWXEZRLTH B,

comment reallengih:==/5 ; ;
decl.  real x,y, PS5 1, PIB:
&y by €y 3 X:=20
infeger s ; I
S:=] 3 CRLF
pokE
100—20, #u-10
a:=sin{t); bi=costl); -20— -100, 39410
C:=275%a; 8
d:= 550%ax/n(27.5) 9]
! procedure COMP (u, v) |- COMP (x, ) g
PTA: real u, v, e, f; &
X R E f er=urzs i fri=v-053 |/ q
150—30, #H-10 / B
=30 — 150, #-10 // PSI:=(756.25/lexe+ fxF)-1.0) f
/ w(are—bxf) +Cxinlexe+fxf) \\ /
- /\//
b "
A \
Y
/ Xi=/0, 0,
AN 0, ~20
procedure PRNT / '\
~ / ; , 4
(0,4, Pt a0kl \[s:=1CRLF] g
\ ‘ W
7o ’
YES TRLET] N 10030, $a-10 |+, %
' Se=7 | | N\ A~ 100¥1) 1
Y L 16
\\ \
e
-
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B. % 2 & R

z B E 2 ¢=0 ®RERET 5 ¥y DELRD, Thbx y ORYOMEE L, ¢ HIE
DR TIE y NS, ¢ HADHEIR T v WY €T

¢ = (2a,/10)xn = (2X 21.5/10)xXn = 55n - (14)
(o2l n=1,238,,~—1,~2,=3, &T%5)

CEL LD XDl y xRS 5, (14) Rk, Wiga < HE LiRh B ¢ s LRI
DEHED 110 oKL T2 L2 BKT 5,

KiC @ REF - p, ¢ HRDIE, FOp gk - FE EORMO Y OWHKREDKT
H%5,

Tihebb o OFEE v BF R L VRER LTI L0 SE kD L0 TH L, H5,
6 e FOMELERL, HETHCE 7 e 77 2a0HARERLTH 5,

oL, W B = 0° 5° 840, 10°, 15°, 18°40/, 20°, —10°, —20° ® 9 BT K L
THite»te, WAL T r 75 a0HE LT B=15° x4 % L D% Stream Function No. 24

Stream Function NOe 245 Ke Okuday Kikai
begin comment reallength=155 real X; ys PSls is Py Qs ms Ny ts 3y by Cy d¢5 integer sy I3
real array M{1:25], Ns0O[1:13]3
t=00 26185 a=sin{t)§ b=cos(t); ©=27. Skaj d=55 Gkakln(27 5)3
procedure COMP1 (usv)s real u, vj
begin real e, f; e=ut2e5; Ti=v—0e 5}
PS = (7560 25/ (exe+fkf)—1e 0)% (@ke—bkf)+ckln (exet+xf)—d
ends
procedure COMP2Z(wyz); real w, z}
begin w=x+625 (%kx/ {xkx+yxy )} L—y-625-0*y/‘(><*x+y*y) ends
procedure PRNTS
begin Printfix(xs3;1); Spaceél); Printfix(ys;3,1)3 SDaces'l): Printreal (PS1,5)5 Space(1)i
Printfix(py3s2): Space(1): Printfix(a,3,2); Space(5);
if s=2 then begin CRLF§ s=1 end else S=s4]
end; Prin‘tstring(‘STREAM FUNCTION NOeo 24 )i CRLF3
PT1: i=0e 05 =13 s=17 for x=30. 0 step 100 until 1500 do
<isy+0s1 while PSI(=0s 0 do COMPI{x,y)s COMP2(psq)}
=y Mlil=y; l=1+1

PT2: i=—5e 0y I=143 s=13

for x==40s0 step =10 0 until ~150.0 d
begin for y=|,y~0.1 while PS1)=0.0 do COMP1 (xsy)s CoMP2(psq)}
PRNT;  i=ys M[ll=y; =141
end}
PTAs =1}

for x=30.0 step 10,0 until 150 0y =400 step =100 until =15 0 do
begin CRLF; m=5 55 n=le0§ i=M[1]} s=1%
CAL1: for y=iy; v+0s 5 while PSi{=m do COMP1 (x,y);
coMP2(pya)3 PRNTS ni=n+le OF m=5 Sknji i=y}
if n{=26¢0 then go to CAL1 else go to NEXT1%
NEXT?Y 2 CRLF$ m==~5 55 n=-=1. 05 i=M[1]; s=1}
CAL2: for y=iy y=0e 5 while PS[)=n do COMP1 (xs¥)3
COMP2(psQ)s PRNT; m=n-l. 03 m=5 Skn} i=y;
if n)=-20.0 then go to CAL2 else go tc ENDI}
END1:  h=!+i5 CRLF
end;
PTB: for I=1 step 1 until 13 co begin Readreal (N[I])s Readreal(O[I]) end; i=1%
for x=25 0 step =5 0 until =350 do
begin CRLF§ m=5% 5§ n=1.0;7 i=N[l]; s=13
CAL3:  for y=iy, y+0 5 while PSI{(=m do COMP1(xsy)}
COMP2(psa)s PRNTS rm=nt+le 0f m=5 Sknj i=ys
it n{=26.0 then go to CAL3 else go to NEXT2;
NEXT2: CRLF? m=—55; n=-1.03 i=0[i1]s s=13
CAL4: for y=iy y=05 while PSI)=m do COMP1{x,v):
COMP2(pyG)s PRNT: n=n—te 03 m=5 Skn; i=ys
it ny==20.0 then go to CAL4 else go to END2}
END2: =141 CRLF
ends s=1j
PTC: for x=—30e0; ~35% 0 do
begin for y=—20:0y y+0e2 while PSI{=0s0 do COMP1{xyy)s COMP2(psq); PRNT end} CRLF

end
110 =10 180 =160 2320 =220 27e0 =26:0 2860 =280 2% 0 =28+0 2% 0
=286 0 2800 =270 280 =25% 0 2340 =220 1180 =180 100 -18. 0 00 =18, 0
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t=—70°

St.F No. 19
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2. BOEOOKEN
ZOGRIIMBMONMCERT v v LRELRD TRV, FTEBCAT L 5 ELFED
Bz, ROBWEROLS TS, IRAdROBEEE, W& U=1, BOEI h=x LE<
Z e B
A, & )
7 = F = sinh pXsing, sing = w,
sinhp = Flw=u, p=sinh'u = In (@w+4uf+1),
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coshp = ch = 05 (er+e?).
ZZT F=const. &< &%

x = ptuXcosq, Y =qg+chXw
EWRT S (2, y) BB EOSRTH S, WREAHFHOBMH LT, F& g OBEDH~E
EDOFHZ#HE LTk <,

NQ- 22 STREAM LINES AT AN EDGE-CORNER by KeOKUDA, KIiKAI
begin real Es Fy py Qy Xy yy us vy Wy Shy ch, Z; integer s;
procedure PRNTA(G); string Gj
begin Space(5); Printstring(G)s Printstring(* X Y ') end;
procedure PRNTB(J): real Jj
‘begin Space(3); Printfix(Js2,2); Space(2)i Printfix(x,2,2); Space(2); Printfix(ys2,2);
Space(3); if s=3 then begin CRLF; s=1 end else s=s+i
end; CRLF; CRLF;
PTA: Printstring( ‘H=P1, STREAM LINES AT AN EDGE~CORNER’); CRLF}
PRNTA{ 'F’ )3 PRNTA( F’); PRNTA( F'); CRLF} s=1;
for Fi=1.0 step 10 until 200 do
begin for =0, 05 step Q.10 until 3 05 do
begin w=sin{q); u=F/w; p=In(u+sqrt(uku+ls0)); ch=0 5k (exp(p)+exp(~p));
x=p+wkcos(q); y=q+chkw; PRNTB(F)
end
end; CRLF; CRLF;
PTB: Printstring( $=Pl, EQUIPOTENTIAL LINES AT AN EDGE-CORNER’); CRLF;
PRNTA( 'E’ ); PRNTA(‘E’)s PRNTA (‘E'); CRLF; s=1;
for E=1.0 step 1.0 until 200 do
begin for @=0.05 step 010 until 1. 55 do
begin Z=cos(q); v=E/Z; p=ln(v+sart(vkv-1s0)); sh=0s Sk(exp(p)~exp(~=p));
x=ptshkZ; y=q+wksin{q); PRNTB(E)
end
end; CRLFS
PTC: for E=—1.0 step =100 until -20-0 do
begin for @=1,60 step 10 until 310 do
begin Z=cos(q); v=E/Z; p=ln(v+sart(vkv-1s0))i sh=0s Sk(exp(p)=-exp(~p));
x=prshwzZ; y=q+vksin(a); PRNTB(E) "
end
end; CRLF}
PTD: Printstring( ‘E=O~LINE’); CRLF;
PRNTA{ ‘E’ )5 PRNTA({ ‘E' )3 PRNTA(‘E’); CRLF; s=1; E=000j
for x=0: 0 step 02 until 40 do
begin y=le 57T079+0« Sk{exp(x)+exp{—x)); PRNTB(E) end; CRLF}
PTE: Printstring( ¥=0-LINE'); CRLF;
PRNTA( ‘E’ )7 PRNTA('E'); PRNTA{ ‘E’); CRLF; s=1; y=0.0;
for E=2.0 step 10 until 20,0 do )
begin p=ln(E+sart(ExE~1.0)); x=p+0s Sk (exp(p)~exp(~p)); PRNTB(E) end; CRLF;
PTF: s=1;7 y=314159;
for E=2.0 step ~1.0 until -2 0 do .
begin p=ln(-E+sart(EXE~1. 0}); x=p~0s Sk(exp(p)-exp(~p))}; PRNTB(E) end; CRLF
end

= & = = & § g o e H 1 T, T ]

AT % Fwl Fa] el Fal Te o S - 7L’ T LT »: ’,07—"=1=7Fflu ;
5 i :
1

SLENo.22.

F10E

(115)



116 B OH R B

B. &R702 v LR
&= E = cosh pXcosgqg, cosqg ==z,
coshp =Elz=v, p=cosh™ v =In(v+4v?—1),
sinh p = sh = 05 (e?P—eP).
Z 2T E=const. &k EE
x = pt+shxz, Yy = g+vXsing
P S (@, y) BERT VY AR EOSTH D, EEAROBN AT, Tk,

Fw 75 Ak No. 22 IR L, F0EREZE 10 KexRt,

. & 3 U

PERDOW O [ G LM EE L, HRNRL BT BBl 2k 2 ik
WP, TR OISR DBHE L I TETH D,

HEERCELEAHBEIECERN LEREE T ERESORMICERLR 3 ELER
T %, (BFn42 2 4 9 AZH)

X ey

1) SEWIEREFRRE, 5, 2, 769-787 H (1966); A REEMPAH 43 HemE A KHWELMME, 95-98 H
(1965); [RIAL¥EHE X E A 11 MM S04, 125-128 & (1966).

2) W. Kaufmann: Fluid Mechanics, p. 320-323 {1963).

3) M. Thomson: Theoretical Hydrodynamics, p. 273-275 (1962).
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