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F friction
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-448 능 =5시
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6 . 4
.

Laminar fully- developed Prpe flow
에

(Hagen- Poizeaplle flow) ,

S=-.
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~porakop

ontinutyeq' 남 . ( 람) +하당.
= 0

장 = 0
,, = O uuur>t]보. ), 감
. )이



거라 = lonstant
.
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v- sef (oe
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) X comstant
.

ㅡ
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∴ 남 *(ra ) =
[
, →( ra)= ar- or=icinztcG



a = Eur + traa = o a@ r = o ⇒ C = 0

: c = 트ar = 결웃 ( P +98 z )
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도 L

( wall shear StreEs )
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wallshearstress소 ,w =
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6 . 5 . TurbulenceModelinf -fluctuatmu=
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analys,
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t = 두S
.

Tudt : mean velocity .
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'rfluctuatingtㅡ

velocity
Tnsfantaneous ↓,

velocity Reynolds demposif5on에
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=
( u - i )= t - i = i - i = .
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.

( ip .Cwip. furbulence intensitz
(난류강도)

나다 .. u
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t -
y
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φ -젓 ( un)
= 9-
(
iw )+← ( fiwian )

RANS q

⇒ 9-* x ( ii ) tf-글 y ( iv ) +f-z (iw)

ㄱ= 더 ( U- 당( - 9 ui)+ 분 y
( u-째 - 9uii )
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.

ㄴ
look like stres로ㅡ

:turbalentstress



임

losuneProblem ⇒modl쁘
ont: 켰 t 넓 +같 .
/* otal sheap streEs .(funbulentflow)

a = u- 램 -9 빠 =vrs +평

↓ Uscous turbulent
↓

modeling
Stvesh stveE 9

-

9 u
'i =sM는 (prondt)
젠

ㅅ
BL ( boundary layer)

FTtunblent y Keddy(turbulent) Uisosityㅋ

y ㅋ

-mucaits at wall : U = U = W
= o

N종 5계수홈……- xi = i = i = o



⇒ 니스리=W
'

= o

ㅡ

⇒ uiv = 0

avis <←turb : outer layer

avis 스 furb : ouerlap layerL"있때…홅
-

visaurbr- viscousWall layer

Clos )

s U

. Visouswalllayer (Prandtl
. lgo)
- wall shean stresE

U
* 트=템임

U = fcu , 9 , y ,
aw ) p

friction

ㅡ ㅋ F 티-암)=+ velocity
non - dimensrnalization (wall -shean

"

F ( y
+

)
velocify ,

farbalent
velocify )



iUt = E (y
)

: lawofthe wal (벽법권)

Outer layer( Karman,"⑨'2
G

Uo- u =
8
( 8 , aw. 9

,
y
) ?

→ -
나
-G ( -분) : velocity defectlaw

. Overlap layer ( Mrldikam ,
6 g 37 )

,

- 담 = ken(
-배송 ) tB .ut =kiluyttB

( K ≈ 041 , B = 5 .)d
1oglawLy logarithmir ouerlap layer
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