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realizable k-¢ LH& mEl

. R Hf A

— k-equation
d(pk) =
%V-(pUk)—V-{(u+ )Vk} Gy — pe (1)
— &-equation
« Realizable k-¢ = 22 standard k-¢ = 21} e-equation®| 40| CtE
d(pe) §
pg V- (pUe)—V- {(u+ )\73} pC,Se — pC, kf\/% (2)

o MM coefficients

O = 10, O = 1.2
_ I T K
C, = max [0.43,n+5], n=S% S=.25,5;

CZ == 19
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realizable k-¢ L= mEl

R 7 %

— Model equation

Standard k-¢ 220} HR ™A =2 HO|

k
ue = pCy = 3

rir
my!
Ral

3t ¢,0 Yo7} LIt 20| CHE

Cu = pr s 4)

o Coefficients

Ay = 4.04

Ag =V6cosp, ¢ = gcos_l(\/gW), W= %, S = /Si;Si;

U* = \/5 Sij + iy, Qij = Qi = 260k, Qi = Oy — €005

+  0;; : mean rotation rate viewed in rotating reference frame
*  wy :angular velocity of rotating reference frame
* €k - Levi-Civita symbol

* 26wy - Omitted in OpenFOAM(not compatible with MRF or Sliding Mesh)

Slide 2

Two-Layer Realizable k-¢ 'tHR 2 2 72t L l|NE)('|' oam



Realizable k-¢ L= o El

« EX
- O

— Standard k-¢ 22 0j| H|3H jet 52| spreading rateS & 0| =
S kg (separatlon) I = Q3 Ll (adverse pressure gradient) 7t ZX|5hH=
AS re=2 HE W=

— 3| ™ (Rotation), X =2t(recirculation) &= & & 0

10

OX

A

- OHA
— Standard k-¢ 220t OFXE7HX| 2 High-Re HH S50 M 25 = ZHO0|2 2

HE 2K 5= S0H7(0| Motk &H&
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Realizable k-¢ tHf B2 9| SHA|

[ -

* The Universal Law of The Wall

L = A HIT o ol
- Y7 Sl dAIT e s £ = Chaat 20| et E L
+
u
0o©
o° N W
(Y
- Inner layer o
u
ut =—
Urg
Outer layer
y.|_ — uTy
v
Upper limit of log T
Buffer law region depends U, = |[—
layer or on Reynolds number p
Iscous | blending Fully turbulent region
sublayer region (log law region)
I
y*=5 y* =60 A
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Realizable k-¢ Lt= @ EIO| S|
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Two-Layer Realizable k-¢ tHF B2

cy*7h 30 DlRtel XN ZAS Yol £EEEE g2H2)

Ol 9= Realizable k-¢ 20| CHe 74 B E

- AAEE =o|lHtgozE & Yoz LMo 2 9o M-St
HE0EsS M2 dhAl
- HaNe dE

C (STAR-CCM+, FLUENT 5)0]| ¥ E|0f 1 &

A 3

— Standard OpenFOAMO|l= A E[O] UX| %=

(=]
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Two-Layer Realizable k-¢ 't B

« Two-Layer formulation

- AABES Rey (=2E)E7IEC2 £ 502 RO MR THE HRRY
N
-1 0O
High Re,
' Something different = 2!
Low Re,,
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* Wolfstein Two-Layer Model

- 20| X[BO|X| %2 S50

b
ot
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Wolfstein Two-Layer Realizable k-¢ ‘& 2 &

« Realizable k-¢ 22 O| X|H{EFH AL AFE (A (1) & A (2)

* k-equation
* Realizable k- 22 9| k-equation 1t &L (A (1))
* g-equation
» Algebraic relation with k using length scale function [,

k3/2
€= (5)

lg — yCl*[l _ e—Rey/Ag]

Cl* = KCM_3/4’ A‘g = ZCl*
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Wolfstein Two-Layer Realizable k-¢ ‘tH5 2 &

L LR
— Rey>Re; o EZ

+ Realizable k-« D2 O] HEHEA = ZEHAZ ALE (A (3)

~ Re, <Re; L 82
« Algebraic relation with k using length scale function [,
He = pculu\/i (6)
l‘u — yCl*[l _ e—Rey/A#]

C; =xC;** A, =70
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Wolfstein Two-Layer Realizable k-¢ & B

- ¢ % u 2| blending

—~ Re; O] BAOIA UEAT ljo| #istE WX[SH7| 2|8l blending L

— Blending factor, 4

= % [1 + tanh (Rey;Re;)]

|ARey|

" tanh=1(0.98)’ |ARey| =3~40
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Wolfstein Two-Layer Realizable k-¢ ‘tH5 2 &

- Blending factorE M -&5t0] ES

- dRYSAT (u) = ke Ol CHE M LFAS 20IM 22 S E 08510
4 Gl 2= AX0|A otefet Z2 M= HESHK AlLtotH

Al E| 7] [[H—-—Oﬂ off 4

EI—I Erl
algebraic
) g

— Auz‘ealizable + (1

S MEC2 B AIS ZOjAM F|K| = 50| 2 Ml HiMAl o2 AME|=
SHHO| B E QA0 blending factorE -850 E S| OF SHCL.

'INEXT oam
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Discretization of Blended s-equation

Rey>Re o EZ

—sp + z ayey=Db + apsﬁ_l (7)

ap :diagonal coefficient of discretize equation
ay . off-diagonal coefficient of discretize equation
b  :source vector component of discretize equation
a  :under-relaxation factor
gp, €y - solution on current iteration for cell P and it’s neighbour N

er~1 :solution on previous iteration for cell P

* -1 -1
ep=a(ep — 1) + (8)

3/2

£ = - algebraic relation with current solution of k

&
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Discretization of Blended s-equation

- At AMEB)EEH

_ a 1-a
erl;eallzable =—| b+ apgg 1_ Z ay E}kv (9)
ap a
N
algebraic _ s n—-1 n-1

— Blending factor, 1 £ O| 23| A1(9)2t Al(10) Z&StH CtSup &1,

g; — Ag};ealizable + (1 _ A)glcgllgebraic
a 1—«a 1 , _q _q
= A|=(b+——apep —ZaNeN + (1= D[ales — 871 + 8]
P
N
— 21| A2 2|5t LS4t 20| blended s-equation 2| 0| At3HEl AlS A& 4~ ULt
a 1—-«a 1«
;Ps}‘, + Az ay ey = A(b + . ap£$"1> +(1—-2Aap (sf, + . 82"1> (11)
N
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Implementation into OpenFOAM

e Realizable k-¢ HHE R EIO| AAFALE

_I_

- ze Y

Ef 2 e-equation = O| A2} St 2 E
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Implementation into OpenFOAM

 Realizable k-¢ tFHREO| AAFAEE =28

- A

[

)it Z2 YE 2 e-equation = O| 23} 57| |8l Of At}

St=(fvm: :ddt, fvm: :div, fvm: : laplacian &)= M9 S
HCt= A (7)2] HEHE O L2 2 HBEAAEIS 2ASS A (11)2
HE 2 o= UA o2 1T
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Implementation into OpenFOAM

- Two-Layer Realizable k-¢ 22 0| SHIEA {2 E|7| 2= T2t
g2 HH A AL MESHA 2 &[0 OF oL,

=
%Eol:ET': tc': o™

Ja
z

-2 Of

— k-equation Of| Clijot 2 H &
EH
1

— g-equation Of| CHt
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Implementation into OpenFOAM

- 2SEEEIHAO| Cot HEH AA XA
— ZHALSE O|At2L0f| |5l BT A Xt0f| momentum source 2 A&

o
- SEQS0|AHL HH AXI7F 9 X S (viscous sublayer) 2H0f| Y-S A 20| = no-

slip 71 0|0l Ezo| AHEZA K27t LRHX| &S

___________

—
<~
Ll
QU
<

Il
——
Ryl
U
O
S
<
S
I
"~
=
+
=
~
—/
N
=

\'\
St

volume integral summation over the control volume surface

W o

2

s )
e = 0 for laminar

at wall surface

or in viscous sublayer

" (oL T du\ |
< SHEX} f = control volume surface | A{ 2| ¢f 2 LEIHH .S =(uvl) -S <:>|7_- S, = (u+ S
o BlE Xt w E HB0| M| ZtS LiEH 708 = (WP0), S @it Sw = (ot kv dy) ¥
momentum source
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Implementation into OpenFOAM

.
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Atofl =8t
off A2t Of ittt L& = #H-E5tALE 0|O] O] tt=t

A
A

FOfl Sloi A B

2
X8 E|7| QoA HE 2Rt

Al

ot

—
o

2 x}of

Of| A

=
10

| O] tt=t ApFOf| Al B H A X0 A 2

— OpenFOAMO]| A

O|5t0] ALE

KO0

X

(e w =

* (Udw = 2SR

olo

I

[

ol

od
&I

Of

IMINEXT oam

=13
=

Two-Layer Realizable k-¢ H 5 2 & 7Y

Slide 19



_wecoam
Implementation into OpenFOAM

o
. eEE

I

SEA0| Ciet B EA =
— Spalding’s formula

« Viscous-sublayer, buffer-layer X log-layer®| £ 2 X & SILIO| Alo 2 ET!

1 N (kut)? (ru*)?
+ + _ Ku' __ 1 _ + _
y u + E [e Ku 2 6

(12)

« 29| 4/0f| A Newton-Raphson methodE O| &8l u, & TStH =hitat O] At3tof

oo #olEl M2 8E CHE1F 20| (u),, & BT 5 UL,

du
Tw = pu'% = (u+ ﬂt)w (d_>
Y/ w

o (p)dw = (Zp_%; — Wy or (v, = % - (M
Y/ Y/ w
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Implementation into OpenFOAM

« k-equation Of| Ciot B1H BAA=HA
- LB S0 HE AXIL AR ST 90 S 4

« HH AXO| M k-equation 2| ‘H-d, G = p, 5% 2 HO| JESHK| E&

_| L—
- HHO| ot BA X2 zero-gradient 2 X250 k-equation = O| Atz oF = S H AXLOf
ot Mded A8 CH24F 20| =7

G s+ (1-9)  Ou
k= gHt gpuzay

Re,
where g = exp BETh

- g-equation Of| CHot B1EH ZAA=HA
- HE RS0AM HH AXI B NS ELH 20 A2 B2
Z = zero-gradient 2 M-85} 0] g-equation = O|At3} ot = B{H ZAX0f|

I
off got= WERA9[ XS Chs Mt £0] =78

HAABIZ inversionSt] S E 510 = HH AXO| S| ESH= dli= Ofef Ao 2 O Tl 4/ 2
-

2vk N k3/2
y? L.

Ep=9
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Results

d . = o -
- 742 =l Two-Layer Realizable k-¢ St R EEHS 0|82t BN A HRY
= A2 H 17 =
7—:||x|'-c-)-| EL':::O| (y*) Oﬂ = 74 7:”A|_|' A3
ACHIITE bS5 oy xSl >
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