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On Limiting Streamlines Expressing Three-Dimensional Separation

by Shigeru Hayashita, Member

Yoji Himeno, Mewmber

Summary

Separation patterns are classified into three types (regular, singular and combination types)
by the property of the differential equation, the solution of which gives limiting streamlines.
A criterion for the three-dimensional separation line is deduced from the negation of the

Lipschitz’s condition.

The criterion is applied to the existing limiting streamlines over a

ellipsoid of revolution at incidence, and also to the calculated ones on a ship hull.
The results show that the present criterion is available for the prediction of the three-

dimensional separation line.
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Fig. 5 Two-dimensional separation
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Fig. 8 Saddle point and regular separation
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Fig. 9 Nodal point and regular separation
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Fig. 10 Limiting streamlines
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Fig. 15 Ellipsoid of revolution
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Fig. 17 Surface flow picture, a=5°
(oil film method)

Fig. 16 Surface flow picture, a=0°
(oil film method)

Fig. 18 Surface flow picture, a=10°
(oil film method)
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Fig. 19 Surface flow picture, a=15°

(oil film method)

F1g 20 Surface flow picture, a=15°
(chemical method)

Fig. 21 Surface flow picture, a=15°
(tuft method)
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Fig. 22 Separation pattern, a=15°
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Fig. 23 Limiting streamlines and 7p contours, a=15°
(experiment)
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Fig. 24 Limiting streamlines and 7p contours, a=15°
(calculation)

FO11E% 5 RATRDEELLULTH
REEERD, 727V v IZLTCHHEN
(Fig. 23) %\ too BROZ LiAis
& AR O FRENCII K X TefEHVH T
Who B OAEDOWHHEDOEE » T B
Br& T DN LFROMENID 2T T
VB, 5.4 BTl L 5 OASE
TRFFEEOEEEN £§=0 RN
EBKREIRNTHBC &%, EREYH
FLTWBDTEENKELS KB L%
Erxhil, BLAhoTnb ERANE
THHHo PELERBHEIVAELR
T BT DOWTCEET D,

6 BREERCLDHE

KB L HETS BT, BEOHED
AW CEERRBFE & Tanker B0 3
RICHBERBOHERIT oot Toi
L, BEEERGEOBERAT v v v L
ROIKMNEDOMELRT K, Ko B
L O DA NS S e B
TsfB% B\ Too

EERFEMIGR D a=15°" DL O ER
K% Fig. 24 wndo RBRERE L T
% &, RAFFEDMEBELERITIE~TH
BV X 5N, BRMBEB IO 7 51
EAEREBPIERERT, £=0.6,
0=150° fHEIC ERIEIRO GHERES
N, SKILHEELE U B Eaibns

Do e Tp DI TEDMEDL Th E—FH LT\ 5,

Lpp=4.5m Rn=3.08x10°
LW.L.

—————— : potential streamline
limiting  streamline

Tanker BEIZ > TIT,

HEEOH BIGM & LT 14)

_1;;§522$;ﬂ“ 7 RTHMEDIREO T A, ZOMELRATEY L
= ~ /%./\/’ 15 (Fig. 25), XL, RHboEREEDD Ts
T . e b
- e e O3 — AFRDLAE D DI T ORIHEDK ¥\
;/”7¢~’ ="t sc PR & FEECAE R D L EEE BIE—FK LT Y, #
»///j:;:j;/fjﬁ;; \ ! DHBERY (14) ROEHENFYULLDTHHE b
1y 1 3, I 1/, AP. 5o
¥Y=Lpp g: (n: equi-potential line ) 7 A E'
LW.L.
////JL“"?;fr/// PRRERDS UAHEROUR £\ 5 it
é/f_ =10 > ,z!,_, H E%ﬁ%?% Z cE prﬁv%Hx_o \é BKA 3 (kj[:i“%{fﬂ*}%
Py e DG Gt h 5 ﬁ%é?éﬂﬁfﬂﬁibb@
49 ( N i éhtl‘%ﬁﬁ@i& JUBREBERT Y - THESR
| — TR RARIC n%@mbfﬁﬁut%%,M@lam
114 i 3, 14 Y, AP. AR,

Fig. 25 Streamlines and 7 contours on
tanker model

i) Lighthill » = 5
f)‘B@1&&”@@%[Jlfsféoiﬁgﬁ§hf£\‘o

S DIRE LT o TR DY

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

SKRATFERZHESBEREHz 2w 25

i) HELHED SPRIBREBLY TD LM HE
ROMHE L5 HEBIITSH—e@RcE 5,

iii) ERIE O FIEE-C AT = OFBER OB S &
I£%%& T, Lipschitz &HEDOHE XV CRIFHIIT
E %o

iv) ERTEDLRIAALET A EEFRED X —
vix, Wang D& — v iZfllCnBa 2, BREDSHD
Enb &b & Cooke-Brebner DEHITIT V.

v) EEBAEEH O IRTHAEABOE L X
o TROLEBRMBIER L XU EAE R,

vi) SIRTCHEER EABROHANEBEL LT, T (RX
A)RBH I (14) R) E 2B LIIERY, BEH
AR TERI L 5 ThHbo

ek, DLbogs LIEAEHIERE XU Navier-Sto-
kes R L DEEIZOWTL, SBIEEINWIHIEE
@f‘@%o

ARERALDEHID, KRBLRIWB EEERS
FERE b - RRESRAF TS s, L
BR=%K, FH8 REE, KRNIAEIEE Hf
RS, SMIEARYE LHEZEERCESOBELE
THLIENTH D, i, BREHED T =77 2%
ISRELT S o R RBERIARFIEN AFREeHF
RS EHT 50 APROKR LML CE%F
Fi-RIBEMAFETIFE FHES SEEABREFE
I b N ERORRFEERE BEFS, HEE
MHES K BFEOHBCELSBLFLLET 2,
o, ARO—EIHERERER OB 2 X
&, BUEA BRI KRR KRS TOSBAC 5600, R
BREFYHP-2I00 A Z(FA Lic &ML, BIREAL
IZRET %0

£ EF X B

1) BERE: MEEEOBELHISAS X OERRE
RO 2 RENCE T 5598, HRERELARHTE,
# 139% (BF 51.6), p.1.

2) BRERR, ETEA: BEREOBEIS oA
ICERABHO 2REACET A, BEEER
Wask, #1656 % (B 52.6), p.83.

3)

4)

5)

6)
7)

8)

9)

10)

11)

12)

13)

"14)

15)

"16)

17)

EEER, MMARER, RERE, HPEH: B
BERC L2 MBREOHE L HFRE Rz o\
T, BIEEABLE $£163%5 (F 51.12), p.
59.

BEEER, RE—&% BEHEE WLBLZ: B
DEFRRTEES T OFE, BERERFELRTE,

8 138 & (FH 50.12), p.54.

HEEBR, KE—& S$HAREL: ROEEKETE
EAHOFEGRR), B AERELRARTE, § 141
% (W 52.6), p.10.

He—8: i ow T, MRy vae w4
FEA L, BEREMRES (F 48.5), p. 141

L. Rosenhead (ed.) : Laminar Boundary La-
yvers, Oxford Univ. (1963), p.60.

K.C. Wang : Three-dimensional boundary la-
yer near the plane of symmetry of a spheroid
at incidence, J. Fluid Mech., Vol.43, Part 1
(1970), p.187.

K.C. Wang : Separation Patterns of Boundary
Layer over an Inclined Body of Revolution,

ATAA Journal, Vol.10, No.8 (1972), p.1044.
K.C. Wang : Laminar Boundary Layer near
the Symmetry Plane of a Prolate Spheroid,
ATAA Journal, Vol.12, No.7 (1974), p.949.

K.C. Wang : Boundary layer over a blunt
body at low incidence with circumferential
reversed flow, J. Fluid Mech., Vol.72, Part 1
(1975), p.49.

K.C. Wang : Boundary layer over a blunt
body at high incidence with an open-type of
separation, Proc. R. Soc. Lond. A. 340 (1974).
p. 33.

T. Hsieh and K.C. Wang : Concentrated Vor-

" tex on the Nose of an Inclined Body of Re-

volution, AIAA Journal, Vol.14, No.5 (1976),
p. 698.

fod 2, AER  FERAFHGOKE,
HaEE (| 50), p.18.
ez, ER B EBEBE—:HsAER 2
I, BEE (1971), p.l1i2.

RE R BhORELE v F 7y 7, FIK,
HASBE (1 52).

SHRAE, HAESR WEEE: BRE =74
M IRERBOERTEEC RIETEZECOWT,
B ERRAES #1625 (FF 51.9), p.57.

4 %,

NI | -El ectronic Library Service



