
7
.

6 Eaperimental eaternal flows

s bdvy layer approx XOM졌 ②~양을뭐다.
. .

K theory fails

stagptpf wotheorg
고

experimenf or CFD
. Dragof 2p & 3 D bodres

Performano of Liflingbodresdrag, lift
Yawing

Nmoment

S0 ro.stnclitt은창경하년
..it
다다높

.
.다 7m가

0

… …

sidetorce 측력



Eymmetry abouf
the lift - drag axin&DD얇……"-0×

" STde loro, gawpug & rolloms
momenf = O a : angle otattack

dras
,
lxft

, Pitchivg moment Fo 명각

Two planes of symmetry vs.다.며 ... * =크② .

. Similavity ( geometric, kimematrc, dynamic )
다] 다

,
TJ C 다

.
T

, MJ

U
@a, did-
al

Drag = f 6 U
,

d
,
9 ,µ )

J

f , U
D dimensional aualysis

> CD = fcRe )
Re =용

"

물f: dvagcoeftO:



므

o

v Y합(1% 일 A =la -.
.

). [)*9

ieotO Re-.J
* A = iud A

blutt bodies : A ←trontalarec②

ㅡ

a

elat plate PA P
.
Ootm
.

p stormdrag
>

←T* C를tv다.아까 l.
v.O

cpress ) 많~A
+ot무

Total drag dAO
plantorom area = Frrctroan drag ll
→

surtauship
+ dAO

← skmlriction
form drag

+

[F~11%/641muv-
edourtruarerA,

6 6woamarn
wave drag )c



a

~

00
~

이다.00
↑어 d

streamlimed OG
bodies flafplate

O
AA
- '0

장NOblutO
전

⑥=물O 요 bodies

streaulined .000 0*
OOl/YXX*
@ wodres

O



0.
flow pastacircularcylindee 트며1 l ) NulMd

bavepresentative 2A blute body
O~

ro separation
-

→ "~-
--

→- →feady , 2Dflowr

l
ㅡ

0.
-
~~separatroxrsepbubble

→ O④~크 steadgr2pelour

대
-
--
~

.
rsepoubblesep- bubble size f as RedCU )

steady .

2D tlow

O
>

⑥8-② "

nnstability
occurs ⇒Symmetry -brealcng

O
Re = 4ㅁ

nsteady ,2 A
ftlour

> 00~ -
0②

-ot
aHernatin-s karmon

O vortexsheddre⑫O영
와 흘렀



Re = 4에 =뿐 =

0×5쁘 → U = 4ammk ⑭1.5w&

1 -5 X 0 -
55

47monls
w PT
a WM periodic통한 L

.

⑨ Re=oo

custeady 2D laminar flour st
-

-
.

융ㅡ
O
.

2

st = 용 =

의 CF = 부 ) EUT

strouhal nunber 스트롤수L ) Re

@ot )-000상 vortex
0 ⑨

vibration
L
[J←
T
>
오 covp

cO tv 킹…양③-는 LM
t b
= O



U nsteady 3 A laminar tlow
> 템J]Braz
.

*
ㅡㅡ

LorsAvoctexsheddng
HwQ Re ≈300 ② 3 ASmulatiand> A 8 ~ 30

ㅡ

ㅡ

dHw: 2Asimulatiay

U

-

연목동없마이vkfxtnnnkvtel영예사다거후류어다
..

ㅡ

downstream :

lamiman 하류

separatvn L졌 ÷로3Dturbulent tlow

ransteady B



Re = 104 ~ c05

lawrnanseparatuop
-

baseponnt
, boepressured

0빠
-mBRdea
,⑧090080

ㅡ

broad
O

wof@⑤ P cwake
dam ,

옷 ceen
bdrg tunbulentstasnatanpi

정체점 )

ㅡ

layer "
pressure

wake
col .v②응합까.많다.kRe = Vo

6

furb , turbulenf separatios
ㅡ

→

이 빠블시머년다nho
.feanomongrnaw

..

wnlkec
=
o , ~ ox-④~

: 브」

1 . 5×0102
U . rdk odRe=o=법 Res :

vs
=

=

두
ㅇ ㆆ 더플



비 lan
.

sepO
S turs . sep ⑥ 김
. .

-

OOO..
당

-
-iii

ㅡ

O
p
마

상(6JJocp.
ocpy.Ocp.태울려의 sep .

ptss P- PA

Of..P홈한
. .. 며

@II
응
,이밟

O O
stag . pt ,

O basept .




