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Definition

Introduction to Calderén-Ryaben’kii's Potentials Properties

Clear Trace

Green'’s formula
Nonlinear Potential

¥

Consider solution of

a well-posed linear BVP:

LU = f,
U e =p,
DCR™UEeR’ feRP.

0

D:=D"Urub-,

where I is a Lipschitz boundary
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

4 Consider solution of
a well-posed linear BVP:
D
LU = f,
Ue=p,
D J D CR™ U€cRP,fecRP.
0 X =p CH(D")NH{(D™), s > k—1/2,
f e Hy K(DM) N HLK(D7),

D:=D"Urub-,

where I is a Lipschitz boundary

k is the order of operator L.
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

4 Consider solution of
a well-posed linear BVP:
D
LU = f,
Ue=p,
D J D CR™ U€cRP,fecRP.
0 X =p CH(D")NH{(D™), s > k—1/2,
f e Hy K(DM) N HLK(D7),

D:=D"Urub-,

where I is a Lipschitz boundary

k is the order of operator L.

SU, Generalized Calderén-Ryabenkii’s Potentials, IMA J.Appl.Math., 2009
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

3
LU = f,
2 Uez=p.
Pp+Vp+ = Vp+ — [ G(x,y)LV(y)dy,
r D+
D~ Ve=p, xeD".
0 X
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

y
LU = f,
2 Uez=p.
Pp+Vp+ = Vp+ — / G(x,y)LV(y)dy,
I D+
D~ Ve=p, xeD".
0 X CR potential is a projection:
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

y
LU = f,
2 Uez=p.
Pp+Vp+ = Vp+ — / G(x,y)LV(y)dy,
I D+
D~ Ve=p, xeD".
0 X CR potential is a projection:

If suppLV C D*, then Pp+Vp+ = Vp+ — Vpr = Op+;
if suppLV C D™, then Pp+Vp+ = Vp+ — 0p+ = Vp-.
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

Consider Trr : H*(D") — H5*1/2(r)

y
D def |.
Trr Up+ = lim Trr. Up+,
e—0
where
T
2 def
Tl’r6 Up+ = UD+(X), x el
0

. rrcD", I.—Tife—0.
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

Consider Tr{ :

. .
' =p+ — Ip C @ETTHEY2H(),
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

Consider Tr{ :

" .
' =p+ — =r C ©ETLHSTY2E(T).
D
Clear trace: (Trt,=r) iff
- J + +
D Trr Vp+ = Tl’r Wp+ =

0 ” PD+VD+:PD+WD+,

V.W e =p.
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

Consider Tr{ :

" .
' =p+ — =r C ©ETLHSTY2E(T).
D
Clear trace: (Trt,=r) iff
- J + +
D Trr Vp+ = Tl’r Wp+ =

0 ” PD+VD+:PD+WD+,

V.W e =p.

Then, PD+ UD+ = PD*F TFFr UD+
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

Consider BVP for second-order equation:
Lu=V(pVu)+qu="f,
u € =p,

where p € CY(D),q € C(D), f € L1 (D).

loc
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

Consider BVP for second-order equation:
Lu=V(pVu)+qu="f,
u € =p,
where p € CY(D),q € C(D), f € L1 (D).
Clear trace

+ o "4
ondr
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Introduction to Calderén-Ryaben’kii’s Potentials

Definition
Properties

Clear Trace
Green'’s formula
Nonlinear Potential

Generalised Green's formula:

X
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

Generalised Green's formula:

D Pp+ Vpr = Vp+ —/ G(x,y)LV(y)dy,

D+
Ve=p, xeD".
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties

Clear Trace
Green'’s formula
Nonlinear Potential

Generalised Green's formula:

y
D Pp+Vp+ = Vp+ — /+ G(x,y)LV(y)dy,
Ve=p, xe D . ’
D~ r Hence,
0 * Vp+ = Pper Trf Vp+ + Gp+fp+.
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

v
Nonlinear Potential:
D Pp+(vp+) = L (L(v) — Op+L(v)),
vV € =p.
I
5
0 X
L(u) = f,
uc ED,
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties
Clear Trace

Green'’s formula
Nonlinear Potential

v
Nonlinear Potential:
D Pp+(vp+) = L (L(v) — Op+L(v)),
vV € =p.
15
5
T - If supp L(v) C DT, then Pp+(vp+) = Op-+.
if suppL(v) C D™, then Pp+(vp+) = vp+.
L(u) _f pp ( ) D+( D+) D+
uc ED7 SU, J. Computat. & Appl. Math. (2010)
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Definition
Introduction to Calderén-Ryaben’kii's Potentials Properties

Clear Trace
Green'’s formula
Nonlinear Potential

Nonlinear Green's ldentity

PD*F TFF_(GDJr(f)) = GD+(f — fD+).
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Artificial Boundary Conditions Boundary Equation

Consider BVP:

y
LU =f,
D Ue=p.
Introduce
D i b =Ty V-,
5 . Pp-rér = Pp-Vp-,
V e =p.
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Artificial Boundary Conditions

Boundary Equation

Consider BVP:

y
LU =f,
D Ue=p.
Introduce
D i b =Ty V-,
5 . Pp-rér = Pp-Vp-,
V e =p.

Boundary equation on I

fr = TFF PD—rfr + TI’F GD— fD—.

Sergei Utyuzhnikov
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Artificial Boundary Conditions Boundary Equation

Original BVP: s
LU=f (suppf C D"), N
U e =p.
Artificial boundary condition: -
5
&r = Tre Pp-r&r.
0 X
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Artificial Boundary Conditions Boundary Equation

Original BVP: y
LU=f (suppf C D"), N
Ue =p.

Artificial boundary condition: -

&r = Trr Pp-rér.

Reduced BVP on D™

LD* UD+ - fD+,
Tl’l—f UD+ = fr.
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Artificial Boundary Conditions Boundary Equation

Original BVP: 5
LU=f (suppf C D"), N
Ue =p.
Artificial boundary condition: r
e
&r = Trr Pp—r&r.
0 X

>
oY)
@)
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Artificial Boundary Conditions Boundary Equation

Original BVP: 5

LU=f (suppf C D"), N

Ue =p.
Artificial boundary condition: r

-
&r = Trr Pp-r&r.
0 X
ABC:

@ nonlocal
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Artificial Boundary Conditions Boundary Equation

Original BVP: 5

LU=f (suppf C D"), N

Ue =p.
Artificial boundary condition: r

-
&r = Trr Pp-r&r.
0 X
ABC:

@ nonlocal

@ asymptotically exact
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Artificial Boundary Conditions Boundary Equation

Nonstationary Problem

Consider IBVP in D x (0, T):

Ut — —LU + f7
Ue=p,
U(x,0) = 0.

Definition

Pp+ Vp+(x,t) = Vp+ —// G(x|y, t|7)LV(y, 7)dydT.
7 JD+

SU, Adv. Appl. Math. (2009)
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model
Impinging Jet. kK — € model

Channel Flow. Low Re k — € (Chien) model
2D Model Equation
Nonstationary Model Equation

Near-wall Turbulence Modelling

@ near-wall sublayer significantly

The turhulent boundary layer affects mean flow

Uy

Freestream
: @ resolution of near-wall area
| [ Eeolboiniylyz requires up to 90% of CPU
e N L time
\[ 7,
l lv[v* e A @ standard approach: another
’ )F/ W P solution isset at y = 0

(wall functions)

©Fluent
@ limited applications
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model
Impinging Jet. kK — € model

Near-wall Turbulence Modelling SB“&S(‘ICF'IOEV(\;LI,M:; Ra = ¢ (iftan) mmedd

Nonstationary Model Equation

The turbulent boundary layer

b Freesiream

\ Edge of boundary layer

outer layer

|
fully-torbulent region [ | NM n

=t

loglayer— joner layer

sublayer + butfer layer H—th—t¢r

o

©Fluent
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model
Impinging Jet. kK — € model

Channel Flow. Low Re k — € (Chien) model
2D Model Equation
Nonstationary Model Equation

Near-wall Turbulence Modelling

The turbulent boundary layer @ the b.c can be transferred
. from the wall to y = ¢
g Freesiream
| Edge of boundary layer
”/"'/ S auter layer W=
) # |
Jist il mbeetegon |
/| ol
) / \/} 1"5'({[‘)’“ innerlayermM W{
5 |0/ S S
— sublayer + butfer layer H—th—tfr

©Fluent

Sergei Utyuzhnikov NONLOCAL BOUNDARY CONDITIONS




Interface Near-wall Boundary Conditions
Channel Flow. k — € model
Impinging Jet. kK — € model

Near-wall Turbulence Modelling SB“&S(‘ICF'IOE\L\;LI,&?[:\; Ra = ¢ (iftan) mmedd

Nonstationary Model Equation

The turbulent boundary layer @ the b.c can be transferred
. from the wall to y = ¢
g Freesiream .
@ the interface near-wall b.c.
\ Edge of boundary layer (INBC) is nonlocal
”/"'/ S auter layer W=
I |
7
\ / ! / j rullyrmrblllyl[enlmgun | NM N
) I\_J loglayer— joner layer
5 |0/ S S
— sublayer + butfer layer H—th—tfr

©Fluent
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model
Impinging Jet. kK — € model

Channel Flow. Low Re k — € (Chien) model
2D Model Equation
Nonstationary Model Equation

Near-wall Turbulence Modelling

The turbulent boundary layer @ the b.c can be transferred
from the wall to y = ¢
U Freesiream .
@ the interface near-wall b.c.
\ Edge of boundary layer (INBC) is nonlocal
‘ ~N o @ general formulation of b.c.
N — i
L0 77 hilyAwblentregion T | o
g A u
/ \/} loglayer  juner ayer — = U 5 56 1 + )%
5 |0/ S S an‘é ( ) ( ) !
— sublayer + butfer layer H—th—tfr

Ss is the Steklov-Poincaré operator
©Fluent
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model
Impinging Jet. kK — € model

Channel Flow. Low Re k — € (Chien) model
2D Model Equation
Nonstationary Model Equation

Near-wall Turbulence Modelling

The turbulent boundary layer @ the b.c can be transferred
. from the wall to y = ¢
g Freesiream .
@ the interface near-wall b.c.
\ | Bdge of boundary lyer (INBC) is nonlocal
‘ %CT “‘"l“"-‘“ Wiyt @ general formulation of b.c.
Sl i
\ Yy fully-torbulent region [ . NM 6
1 a \*{Jl u
/ \/} loglayer  juner ayer — = U 5 56 1 + )%
5 |0/ S S an‘é ( ) ( ) !
— sublayer + butfer layer H—th—tfr

Ss is the Steklov-Poincaré operator

©Ftuent SU, Computers & Fluids (2009)
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Interface Near-wall Boundary Conditions
Channel Flow. k € model
Impinging Jet. k € model
. Channel Flow. Low Re k — € (Chien) model
Near-wall Turbulence Modell 5
oW urbufen ng 2D Model Equation

Nonstationary Model Equation

Model 1D Equation

Consider equation
(nuy)y = R(y)
in D = [0 y.| with boundary condition at y = 0:

u(0) = wp.
INBC is set at §

0<0<ye, D”:=104].
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model

Impinging Jet. k — ¢ model

Near-wall Turbulence Modelling  330hes Fiowe Fow € &
Nonstationary Model Equation

€ (Chien) model

Consider

INBC at y = 6:

u(0) = ug + u'(6)/0 5(5) dy — ! 1(9)
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model
Impinging Jet. k € model
. E . " k i
Near-wall Turbulence Modelling E':[gjll\]/llfrllcFlloEv(\;u»nig\; Re < (©iftan) il

Nonstationary Model Equation

Velocity Profile. Re =395

LR
/
3 S e
L I yr= 0
10 AnnnEEn P EZH
5
0 . . .
0 100 200 300
Fad

Solid line is Reichardt's profile;
yT* = u:6/v = 1,50, 200; u, is friction velocity
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)

¢ (Chien) model
70000.

10
ARY CONDITIONS
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Interface Near-wall Boundary Conditions
Channel Flow. k € model

Impinging Jet. k — € model
Channel Flow. Low Re k

2D Model Equation
Nonstationary Model Equation

Near-wall Turbulence Modelling

¢ (Chien) model

L/D =2, 46,10, 14
Re = 23000, 70000.

SU, J. Appl. Numer. Math. (2008)

- INBC: locally 1D

[EESAN ndd
L asa————-

- no free parameters
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model
Impinging Jet. k — € model

Channel Flow. Low Re k — € (Chien) model
2D Model Equation
Nonstationary Model Equation

Near-wall Turbulence Modelling

0.25

: 0.2 o Baughn etal. 1082

. E Roy' =508

b P - Rey'=

< = ey =244

% — — — - Rey'=113

N E - Rey* =62

2.0.157 \

~

) I

*

T ol

[]

I L

- L

~ E

Zo.osk
owwwlwwwlwwlwwwwlwwwl
0 1 2 3 4 - |

Local scaled Nusselt number (L/D = 0.4, Re = 70000).
Res = pv/k*6/pu; = 62,113, 244, 508.
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Near-wall Turbulence Modelling

Interface Near-wall Boundary Conditions
Channel Flow. k € model
Impinging Jet. k — € model
Channel Flow. Low Re k
2D Model Equation
Nonstationary Model Equation

¢ (Chien) model

Viscosity profile in the near-wall domain

The turbulent boundary layer

U
¢ Freestream
\ Edge of boundary layer
, \/ outer layer o)
f 7T\ =
L2 Y |
/ I | [
\ R
\7_7;‘ \ fully-t meulrcgmn )f\ M‘-JV
r RPN ./ loglayer  juger fayer
s [/ — 4
——/’/ sublayer + buffer layer He—th—ie

©Fluent
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r-wall Boundary Conditions
Channel Flow. k € model
Impinging Jet. k — € model
Channel Flow. Low Re k ¢ (Chien) model
2D Model Equation
Nonstationary Model Equation

Near-wall Turbulence Modelling

Viscosity profile in the near-wall domain

The turbulent boundary layer

1. Piece-wise linear profile
(identical to AWFs)

U
b Freestream

\ Edge of boundary layer

’,/ \// :/ mml[ layer =, ’_\/

Al i

LA et region ‘\ )
o W s

I
r \F{ / ‘\/} loglayer  juger fayer

— sublayer + buffer layer Mt

©Fluent
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Interface Near-wall Boundary Conditions
Channel Flow. k € model

Impinging Jet. k — € model

Channel Flow. Low Re k — € (Chien) model
2D Model Equation

Nonstationary Model Equation

Near-wall Turbulence Modelling

Viscosity profile in the near-wall domain

The turbulent boundary layer

1. Piece-wise linear profile
(identical to AWFs)

U
b Freestream

\ Edge of boundary layer
/ 2. Nonlinear approximation

‘,/ ~7 N ”"l‘””‘ baiath (Cabot-Moin, 1999):

| ’ /1 \,‘ I
'\ \?,LJ 7 ' fully-turbulent region ‘\ )f\ ‘Jw
\ /HA } g e ' . —+ + 2
MRV = ve = vy (1 — exp(—y* /A,
— sublayer + buffer layer He—th—ie

where k = 0.41, A = 19.

©Fluent
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Interface Near-wall Boundary Conditions

Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
Model Equation

Nonstationary Model Equation

Low-Re Velocity Profile. Re = 395

Near-wall Turbulence Modelling

251
20
15F
[ s gingle block
10 o outer domain
r  J aaaa- inner domain
5F
o) =y EE Y EE R R
10° 10t 10?

yT* = u:8/v = 1; u, is friction velocity
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Interface Near-wall Boundary Conditions

Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
Model Equation

Nonstationary Model Equation

Low-Re Velocity Profile. Re = 395

Near-wall Turbulence Modelling

251
20
15F s
. ,’
[ s gingle block
10 o outer domain
r £ aaaa- inner domain
5F
o) =t EE Y E A R
10° 10t 10?

y™* =u:6/v =50
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Interface Near-wall Boundary Conditions

Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
Model Equation

Nonstationary Model Equation

Low-Re Velocity Profile. Re = 395

Near-wall Turbulence Modelling

251
20 vz
r 7
15F s
. ,’
[ s gingle block
10 o outer domain
r £ aaaa- inner domain
o[ —.—:= HR
o) =t EE Y E A R
10° 10t 10?

y™* =u:6/v =50
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Interface Near-wall Boundary Conditions

Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
Model Equation

Nonstationary Model Equation

Low-Re Velocity Profile. Re = 395

Near-wall Turbulence Modelling

25

20

15

s gingle block

10 .
outer domain
----- inner domain
5
b v v 1
100 200 300

yT* = u;8/v =100
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Interface Near-wall Boundary Conditions

Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
Model Equation

Nonstationary Model Equation

Low-Re Velocity Profile. Re = 3950

Near-wall Turbulence Modelling

30
os|
20|
15f
F single block
1o r outer domain
r  /J  ====- inner domain
5¢
[0 oo EERREEEYET] EEAWETET! IR T
10° 10t 10? 10°

yTr=ud/v=1
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Near-wall Turbulence Modelling

Low-Re Velocity Profile. Re =

Interface Near-wall Boundary Conditions

Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
Model Equation

Nonstationary Model Equation

3950

30

25

20

15

10

e gingle block

outerdomain

inner domain

10°

10’

10"

y™* =u6/v =10
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Interface Near-wall Boundary Conditions

Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
Model Equation

Nonstationary Model Equation

Low-Re Velocity Profile. Re = 3950

Near-wall Turbulence Modelling

30
[ = single block
25 L ———— outerdomain
r =----- inner domain
[ === HR
201
15f
10F
[ e
. / /./
5k /' e
[ / e
C 4 P
oY = . Y ol RO R
10° 10" 10 10°

y™* =u6/v =10
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Interface Near-wall Boundary Conditions
Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
2D Model Equation

Nonstationary Model Equation

Low-Re Velocity Profile. Re = 3950

Near-wall Turbulence Modelling

30
os|
20|
15f :
10 L = single block
[ outer domain
N A T R inner domain
2 - HR
[0 v SEEEEEYNT] BRI WETET! R TT)
10° 10t 10? 10°

yT* = u;8/v =100
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Interface Near-wall Boundary Conditions
Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
2D Model Equation

Nonstationary Model Equation

Low-Re Velocity Profile. Re = 3950

Near-wall Turbulence Modelling

30
os|
20|
15f
F single block
1o r outer domain
r  /  ====- inner domain
5¢
[0 e EREEEYET] BRI WETET! R R
10° 10t 10? 10°

yT* = u;8/v =200
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model

Impinging Jet. k — ¢ model

Channel Flow. Low Re k — e (Chien) model

Near-wall Turbulence Modelling 2D Model Equation

Nonstationary Model Equation

Consider BVP for second-order equation:

(1(y)uy)y + ap(y) e + B(y)uy, +v(y)u = f(x,y),
lyu(x,0) = a,(x),
U(O,y) = UO(y ;

)
u(l,y) = ul(y),
u(x,1) = us(x),

where a > 0, = (1 —exp(—y/e) + do)/Re, e € 1,00 < 1,Re > 1,
b=CyP > 0, p>0.
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Interface Near-wall Boundary Conditions
Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
2D Model Equation

Nonstationary Model Equation

Near-wall Turbulence Modelling

Profile of 1

0.01

0.008

0.006

0.004

0.002

0 el el el
10° 0%y 107 10°
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model

Impinging Jet. k — ¢ model

Channel Flow. Low Re k — e (Chien) model

Near-wall Turbulence Modelling 2D Model Equation

Nonstationary Model Equation

Consider BVP for second-order equation:

(1(y)uy)y + ap(y) e + B(y)uy, +v(y)u = f(x,y),
lyu(x,0) = a,(x),
U(O,y) = UO(y ;

)
u(l,y) = ul(y),
u(x,1) = us(x),

where a > 0, = (1 —exp(—y/e) + do)/Re, e € 1,00 < 1,Re > 1,
b=CyP > 0, p>0.
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model

Impinging Jet. k — ¢ model

Channel Flow. Low Re k — e (Chien) model

Near-wall Turbulence Modelling 2D Model Equation

Nonstationary Model Equation

Consider BVP for second-order equation:

(1(y)uy)y + ap(y) e + B(y)uy, +v(y)u = f(x,y),
lyu(x,0) = a,(x),
U(O,y) = UO(y ;

)
u(l,y) = ul(y),
u(x,1) = us(x),

where a > 0, = (1 —exp(—y/e) + do)/Re, e € 1,00 < 1,Re > 1,
b=CyP > 0, p>0.
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Near-wall Turbulence Modelling
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Interface Near-wall Boundary Conditions
Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. L Re k
2D Model Equation

Nonstationary Model Equation

¢ (Chien) model

single - block solution
1+ —~ = = = composite solution
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Nonlocal

Near-wall Turbulence Modelling

signle - block solution
near - wall solution

external solution

Profile of u at x = 0.8
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Boundary Conditions. o =1

Interface Near-wall Boundary Conditions
Channel Flow. k € model
Impinging Jet. k € model
Channel Flow. L Re k
2D Model Equation
Nonstationary Model Equation
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Interface Near-wall Boundary Conditions
Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. L Re k — e (Chien) model
2D Model Equation

Nonstationary Model Equation

Near-wall Turbulence Modelling

Nonlocal INBC. =10, ) =0.1
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Near-wall Turbulence Modelling

Interface Near-wall Boundary Conditions
Channel Flow. k € model
Impinging Jet. k € model
Channel Flow. L Re k
2D Model Equation
Nonstationary Model Equation

¢ (Chien) model

= u(6)Ss(1) + f5. a =10, 6 =0.1

signle - block solution

near - wall solution

external solution
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Interface Near-wall Boundary Conditions
Channel Flow. k — € model

Impinging Jet. k — ¢ model

Channel Flow. Low Re k — e (Chien) model

Near-wall Turbulence Modelling 2D Model Equation
Nonstationary Model Equation

Consider BVP for second-order equation:

ue = (u(y)uy)y + B uy +y(y)u — f(y),

u(0,y) = uo(y),
u(l,y) = ui(y),

where a > 0, = (1 — exp(—y/€) + do)/Re, e € 1,50 < 1,Re > 1,
g=CyP > 0,p>0.
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Interface Near-wall Boundary Conditions
Channel Flow. k € model
Impinging Jet. k € model

Near-wall Turbulence Modelling Shnnncl Flow. Low Re k — € (Chien) model

2D Model Equation
Nonstationary Model Equation

Nonstationary IBCs
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Non-stationary vs stationary IBCs. t =1
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Interface Near-wall Boundary Conditions
Channel Flow. k € model

Impinging Jet. k € model

Channel Flow. Low Re k — € (Chien) model
2D Model Equation

Nonstationary Model Equation

Near-wall Turbulence Modelling

Nonstationary IBCs

single block
—— SIBC. Inner domain
SIBC. Outer domain

Non-stationary vs stationary IBCs. t = 10
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Summary

Conclusion

@ The intermediate near-wall boundary conditions (INBC):
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Summary

Conclusion

@ The intermediate near-wall boundary conditions (INBC):

— nonlocal

— mesh independent

— do not contain any free parameters
— easy to implement

— can be calculated in advance

@ Nonlocal INBC can be important for complex geometries

@ Nonstationary INBC have been obtained
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