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The Computational Methods for Tracing the Stream Lines of Two-
Dimensional Flows around Submerged Bodies. Part 2

Kyokai Okuda

Abstract

This report presents a computational method for tracing the stream lines of the flows on which
the flow-directions are tested in a wind tunnel at every lattice point in the mesh. The calculations
have been executed with the Electronic Digital Computer, FACOM 231.

Order of the calculation is as follows:

a) Decide the flow-direction at any point P on one side of the cell in the flow regime accord-
ing to the flow-directions at each side-end of the cell, obtained by wind tunnel tests.

b) Describe a circle through the point P, at which flow-direction lines is tangent to the circle,
and intersect it at point R on the other side of the cell.

c) Decide the flow-direction at R in the same way as in the step of a).

d)} Shift R with computing of small steps until the flow-direction at R would coincide with
direction of the tangent on arc PR at the point.

e) Describe a circle again into the next cell through R, thinking of R as P in the step of b).

f) Continue the describing with the computing, cell after cell, in the manner mentioned above,
then the experimental stream lines will be obtained.

Some applications of this method to the flows around airfoil profiles are illustrated in 11 figures
in the paper.

L ¥ 2 M &

FEAOHE 1HY ORMBECEE L, EEREC OV TRAOEOE Sk T 5ihoFH
FEML, Thbiid UTEFHERC L D RBREEBNT 52 & xRlhic, 4B Joukow-
sky RO o Ofh a0 & - T, ZORFEXBN, FlethiBH L2, 3 oflxiET
o TOHMMEC DO TEE LREER I,

I SEAREEBSEOHE

TZRATROBI S THFET AEHEN CRAO TR EMAENEL, Thb X 0 EED
W HELEECR TR LS 75, 0L 5 iithd TElFEE] 44022 &
(85}



430 BOH W OB

Th, WhoBr ko L5 kMg Fis sl s, BE
ERAWEIE IO I 5 X ErbHRIZEHS D& L
EHROFORF R BT A2MAOT A E M- T, #EH (v Bl
VP ft) EoEE o P Al B RS K o fiEE ETath
B B ERERDDIEEEL D,
4;5; BFORSMT R, KOX 5 EEXSTLKRE
;;ﬁ i BRI ERE IR S, ThbbIEGE EOBNET Y, &
! Lo —oTH Ml Lo TREELL, g oms
#1H £ o THOER L LORBNELTS & D Th 5 & T
Be RGNz, HPARDL LR TP, RAMAMMAR X, &SR0T % MO,
FREBARNOFTALARTRE—HTLHIO5RTHEI] w5 LRRET %,

o RRAL & TERAl 0% ERT 5,

WA MR EORCBITHMAOT A &G (@ B P Tl condA, F1Ko
thl 70k th2, Bl 250E o iGEET 2B AT 5D,
HHLPHEEELTRD S,

B . HHRE OB T, 08 A0 b PO B & i L 07T, 1o th3
ET 5,

MR ARDL 2 EHIROFIR TS,

1) HEPonfbE thl L, ZOWMADOFAZRTRE ZLOEFEREL, ROME &

R cZEne, AR kT aMhAth2 2Rk %

2 thl & th2 L &HEL,

(a) th2>thl 7niE, WAk PR X0 E@AEofith T, $7cbb RIZR 1Y
Tz,

(b) th2=thl 7 oi¥, #hiE PR 0T, R & Rt L,

(¢) th2<thl 7biE, FAUL PR X o FrEEolh<, bbb RIZR 11
TrRELTXTTH B,

B HDEoHBERS"UIR 2R EOS R oA, & AZ% CTHBE X%, £OHE,
AR EEPEAELANRD, SR ek s2EEMA thd &, Tomickidainf thd & 45
BHL, RAEL th3=thd 7% ¥ CelEYHRT 5, £ORKOHA R GEKE EoSA Rk
BIETCHDH, 22 Tth3wonwE2 %L, APRBTLERMAVEE - THy, AR ©
MENEZ BN T V50T, th3 OEIFIA L FERCEE TS5, Fhwz Eo X 5 kit
BT L TR R ARDHZEDTE S, Tiobb, ZOFERMINET 5 Pl a7
BAfRE, BMMOBR L AYBO G ALIEL VS 2 L3 TE D,

(86)



BFHEBC L3 TKTHADWHEEHE>LT $2H 431

@ RAFEELIRLE, ZoRaiio 1) of P L&, HKRAOF i zs L
TEx, LoOFEETe 3, S LCEMRRAEb N5,

HL HEGEOHME

Joukowsky EAFU & - Tk D, ZOFEELEDZ Enb LD X 5 wwhEo R
WHEBENCKRFET 2L 0o Tikisvo©, BAoBEYMbLT, Fithd todkosaic
L cE 5 HETH B,

1. ERRLLFh oz

P U TR L OV% AR X BRI O 3 i o TR 2w P ol
Joukowsky A, Wz A 10° OB ELZHEY, Floo o FE2FHT 2D CHESY 4 L
B A A5, i d 2 Kiemwd,

e e e e e e e e e~

P e e e e M e e e el e e

e — e e e T T e e e
P e e e e T el el el e el
I T
S T e T T el T e e

23 Joukowsky B0 v oE A

2. HHEHFEETATSIIVT
LA EHERDOEE DT hE 3 HRT,

¥
BTOUDESEa L, BFAA L P Lo
Mo na(n=l) L35 L%, Pk aifihfthl
WD X5 T AT A, B ofkE b " i
Al j1, AT+, jl ek b e Pl s g A\, P
HET D, RN /(/EM

Tishb, HBFrRSMCHECE RO T
A A D BIRERICELT S L R o SR OARIE
THh %, %3



432 B H & B

FEIMTREINORE R ¥ ERiL, AR TETHFORR 28R, £T5, Z&
L2 DBE—IOEX a=bmm X L 0.00limm & L, #7201 i=1,2,3, <5 B,
Ri ONMEDO T OIUCHT L IEH3ReH 5 X 51
la:(l—la=1:(1—10)
T X
{=n+tan(thyy (2)

Ry wmsia5h A th2 kRl LT
th2 = 1= A [, j+1+IA+1,5411 e (3)
Ele ke RIC P& PRy &R E DT AL THIE, PR, NHDKTH L Linb,
(th 1+90°)— B = 180°—th 3—(90°— ) ,
ms:%—m1=me%@mmmnwmmﬁp}ﬂu

:zmm%mmmn+MMﬂ@—m1 ...... (1)

T, Ry oM thid i, thl, 4, a 852 b AEHET 5, 1,0 X & AEC
LT R, O oicsit-3 5k m:(1—m) &3l

m = [+0.001ife (5)

THY, Ry A thd ik,
thd = (1—m) AL, j+11+mA+1,+11 e (6)

THzZbih, th3 b thd 0EN 0D CHEEXRTT 5085 th 52, SENILG
EEMARECC Z L&, BEHEORE L 4EEL, thd & th3 0N, 10/(0.0029 rad.) LA
Twwisotck &, TOBTOMBEEZITEY, ROBTEBZL L5,

BLEt PRy A LCiihuss B E A Ch 5B Ao CHEREHY Lies, i E
HEOFEL =0, THEHRAOHE L <0 L, HBPORXFBCGEHEAED L 2 &8
T& %, %7z thl, th2, th3, th4 (T3 b Bl U Okt Tmc il 358 % 1E, £0
A af, Hgme0 &5,

Ri, Ro &R % & &, BRI G O EAF UHFICIE A ST B3 U b kT,
LECRTORTEELBEND S, TOMIL L mic =1, +1 &k, BT ORI
OEMERT 20w v aREBEE, Fhic +1, —1 #mziuE, BHCHBOTHEED &
MTE D,

LB HEOBFIHER I r 77 2@k T8 7 m— « 5+ — PR AT, #H
LB e EE T FACOM 231 ¢, §351r ALGOL <& 2,

(88)



BTHERC L2 2RKTHRADHEBBER ZOWT F2H

2 =

a0 HEE,
array AD

LELH]EF3,
r&r-]L33,
ADfEOAEL

TR 070
%fﬁ‘; THn)

BEROABEORE

F4E

SROMELDEE

procedure TA
A LI GASNTLED
th3m stE

BRI, 7431044

procedure PRNT2

-
|
|
V| Bom 7,y thiomn
{
!
1
|
|
|
|

|

f

V[ rocedore 762, 763
L| E@ERADLEDM, th3, Th4
& | OB th4-1h3= 009207

STRERI, PRAT 2

é,«_ LOBFIBESZLELLD
2

|-
l | | procedure TB4, 785

11| FeERnoeEnm ths, the
} || o8, tha—thd = 0.00292

] |
|

782 ! |

E33F : |

r—1.783 | |

| | |

! : Ll
| I TRoORZA i [
boasiT R s, b 4

! U nem, thieend 2 +
I I LER< |
: : o
| \} I I
— procedure PRNT I | | !
] EEOEOD 2,y th4 | : |
"] L DXZ DM ! | |
r : I
L ogectye T ) T ) s [ arogedure 7871
sz0 tl,thr, thinsE | | (T EEOEEDY thiHE, ||
PRNT 2 i

|

I

[

..II\

|

g

!

|

]

Lo TORBTLBATEE2EE0

] SEEHM, PRAT 2

e —

FERFEMEHDO 77— - F v — T

IV. SEBREZOBRH

S

433

Dl Eohikre 2 Ko RaRRCER LT, RERERZ R b 025 5 KR, #

FOHADOEXIAROBEY a=5mm & L,
dmm & L, BREBEFEREBEEE L TISHEALTVWALDEEL DN D,

HEOME v=—120mm R AHEEOHREIL

e, BERA & EIEA ORI MRS CREER - E AN Rb R, LT

-720 -J0 -180 ~90 —80 -70 —60 -3
1 i v v | 1 g

E5H

Joukowsky &, Mz £ 10°, R.=8x10¢

(89)




434 B OoH # T

B RT Lo, EdolEY oM E@ELT, ThbDRMoPdLh LAD
BRFfA RS, Thafitl U ThoRBoHRE L2 ED 5 Fika L ol TDX31LT
KDL ORE TR RET, COBEE e=10mm, HEMLEC B AREERT 16 mm b
L7z,

1 L Chh IR & IR & O A H 8 AT, &0 5 TRy FBE
AR A < &, BT A0, FRRERT A HEMIC RS 5 2 LR TE S,

COFEXMOBMOBEC LA L ThlzE A, BAFHZFIHALS 52 L3O
DT, 2, 300IFMET 5,

#9, 10 it hFh NACA 23012 ool s 17 95°, 125°, hov 4 7 v A5 Th i
AX10* DEHFOERRGERKTHE 5, H 1L RO L 5B RGHE5 & 125° s, kg

[
e m——

:i:‘ﬂ ;
3%@&;‘%1?7\\w~
S— j*\ )

T

L

045

F6H HEWEhEGERTLOBERER Joukowsky B, iz A 10°, R,=8X10¢

HF£7TK Joukowsky 3, x4 10°, R.=8x10"

(90)



BFEHERC X 2 ZRTEN OWHBERRCOWT HF2H 435

BEAR ———— AR
58 Joukowsky &, Mz £ 10°, EH R.=8x104

EIR NACAZ23012 |, Mz M 95, Re=4x104

{91)



436 BoH B oW

510K NACA23012 3, W% 125° Re=4x104

———]25°
FI1IB NACAZ23012 E, W2 f4 95°, 125°, R,=4x104



EFHERC I 2RI OB E2WT $F2%#H 437

#12K Joukowsky E, Wz 15°, Re=8x10*

*———_\\\j

=135 NACA23012 2, ¥z f4 15°, R.=8X 104

(93)



438 BOE %W

FM4R KRHAHE, Mx[15°, R.=8x104

Moo TWBZ ERHLNTH %,
212,13, 14 izl 4 15°, v A4 7 L X 8X10* D & & D Joukowsky B, NACA 23012

F

H, RABOEWRERTH B, TNFHORBOBEEO YA = LN TE 5,

V. & v v

TR 7 P R e BAR TR OB & S E LT, A DO T R CEM S I
NOFFR L 0 BTG A B0 % 51k & X OGRS te, AT O AR E R &
LisBriniEch s,

O EEERNTEREETIRBEC RV TT - o, MO 5 MELE
T %,

JR R B DYEBIC Y o T MR o0 R, FRKRERE, FvEMRME, BIIRES, AHH—O
BB DY RS LT HLDTH D, (AN 43 424 A 30 A2 3)

X 3

1) mEHKE: ZEWLATH 6, 2 (1968).
2) BLEHHEWE: SWIKHE 5, 2 769 B (1966).

(94)



