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Introduction
* Flow in pipes showed a change in flow regime:

Reynolds experiment
* Low flow rate (Reynolds number) exhibits a steady flow (laminar regime);

* High flow rate (Reynolds number) exhibits an unsteady flow with a large
range of frequencies in the time signal (turbulent regime);
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FIG. 7.1 Injection of dye into a pipe for detecting whether the flow is laminar or turbu- L .
lenl. The behavior of the dye streak as shown approximates that of a streak in transition aminar Turbulent

10 a turbulent flow.

L. Eca, 9 and 12 April 2021



TECNICO L ]
Y TR Transition from Laminar to Turbulent Flow MARIN

Introduction

* Flow in pipes showed a change in flow regime:

Reynolds experiment

Reynolds number Pipe flow:
L u Lrerref
Re = ref Yref Re — ;
v ok
L..r — Reference length Lyesf =D
. 40
Ur.f — Reference velocity Urer = Ugpg = -t

v — Kinematic viscosity

L. Eca, 9 and 12 April 2021
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Introduction

* Flow over a flat plate:

Reynolds
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Introduction

e Jet Transitional flow
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Turbul .ént_ flow
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Basic transition onset mechanisms
* Receptivity - Disturbances in

Natural Fc?fi:l:*i? Envirnnme{l:lntrg‘!”ﬂ:aturbances _} fFEEStream (Sound or VortiCitY)
Transition | | | u’ enter boundary layer as steady
RN l;' | Receptivity and/or unsteady fluctuations of
TR 1 bamq gtate. Egtabhsh initial
! Mransient Growh conditions of disturbance
| L c | | amplitude, frequency, phase.
Primaty Modss *_ | Bypess flight, a few wind tunnels
Secnn#:lujy Mechani;ms u < 10#3
l most wind tunnels 2102
A N AP turbulent boundary layer < 10-
\J | turbines/compressors > 10"
Turbulence

Adapted from Prof. Helen Reed, Texas A&M
L. Eca, 9 and 12 April 2021
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Basic transition onset mechanisms

» Tollmien-Schlichting (TS) waves (natural transition). Inflection
points of velocity profiles cause instability:
- Pressure gradient in boundary-layers;
- Free-shear layers;
- Wakes;

» Separation-induced transition;
* Bypass transition;

* Crossflow (CF) transition (3-D boundary-layers);
 Roughness induced transition;

L. Eca, 9 and 12 April 2021
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Modeling transition from laminar to turbulent flow

 Empirical correlations are available to estimate the onset of
transition.

2000 [ Reg = 1,174 (1 +
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22400

)Re£'46105 < Re, < 4 x 107
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Modeling transition from laminar to turbulent flow

 Empirical correlations are available to estimate the onset of

transition.

) 3 log,,(Re,) = —40,4557 + 64,8066H — 26,7538H% + 3,3819H3 W|th 21< H<?2.8
85 |-

/-;< 75 |

D :

& H — Re, G.Kuiper
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O 65 _ 6*

e - dp/dx=0 H —f
6 v,
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Modeling transition from laminar to turbulent flow

» Change of integral quantities in the transition region
Is also performed with empirical correlations

L. Eca, 9 and 12 April 2021
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Modeling transition from laminar to turbulent flow

* Change of integral quantities in the transition region
Is also performed with empirical correlations;

* The shape factor, H, diminishes;

 The momentum thickness, &, remains approximately constant,
if Xcritzxtrans;

« The displacement thickness, ¢, diminishes;

» The skin friction coefficient,C,, increases,;

* Empirical correlation to determine H at the end of transition to
loglO(RthmnS)

L. Eca, 9 and 12 April 2021
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Modeling transition from laminar to turbulent flow

* ¢" method based on linear stability theory:
- It applies to natural transition (and crossflow as well);

- It computes the local amplification rate of a disturbance along
the streamlines using velocity profiles extracted from
boundary-layer (CFD) simulations;

- It requires the specification of a critical n;
- It determines only the onset of transition.

* Considered a high-fidelity model, but it is not easy to couple it
with modern CFD solvers used in engineering applications.

L. Eca, 9 and 12 April 2021
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Modeling transition from laminar to turbulent flow

 Low Reynolds numbers turbulence models:

- Developed for the (time-averaged) Reynolds-Averaged
Navier-Stokes equations (RANS);

- Two main families of 2-equation models (k — € and k — w) have
several alternative models available;

- Most k — € models have problems
(see );

- k — w models basically calibrated for natural transition on a flat
plate.

L. Eca, 9 and 12 April 2021
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Modeling transition from laminar to turbulent flow

* Transport equation(s) transition models:
- Several methods available in the open literature;

- Extra transport equations solved to handle transition;
- Underlying RANS turbulence model required;

- Three different models are presented next:

1. vy — Reg model of ;
2. Y model of
3. AFT model of ;

* Underlying RANS turbulence model is the k — w SST

L. Eca, 9 and 12 April 2021
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Modeling transition from laminar to turbulent flow

Y — Reg model of

8 ~/ (‘) DT Y. a aq’_
(__p,)+ (P ;f)pﬁJ_Eﬁr,+‘_[<;L+‘i>0f}
'z,

ot O%; O O f
9, (pﬁ:’em) @, (/)Ujﬁeegf) . 5 [ (")f.)ew_
ot D b G | P B ) 5

Veff = MAX (7Y, Vsep)

Coupling with the k — w SST model

Py =Yet 1P, 58T

Dy = min (mazx (Yers,0.1),1.0) Dy ss7.

L. Eca, 9 and 12 April 2021
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Modeling transition from laminar to turbulent flow

* v model of

* Coupling with the k — w SST model

lim
P =vPr ssT + P;
Dy = max (7v,0.1) Dg gss.

Pl'™ = 5max (y — 0.2,0) (1 — v) F“™ max (3 — p,0) S

on

REV
FYm — — i) .3
o min (111 X (2420 ; ) __ )
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Modeling transition from laminar to turbulent flow
* AFT model of

d(pn) 0O(pU;n) dn 0 on
- . — S)Frrf Fr rowth 715 _ a_ ' S
Ot T I PRER erip grouwt] dRego " L ; (e =+ pie) 0%

* Coupling with the k — w SST model
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Modeling transition from laminar to turbulent flow

» Large-Eddy Simulation (LES) can also be used to predict
transitional flows. However, there are several challenges:

- Incompatible with wall models (wall functions) and so griding
requirements for wall bounded flows are significant;

- Subgrid-scale model can influence the outcome;
- Specification of inlet boundary conditions is not trivial.
* Naturally, Direct Numerical Solution can also be used.

- Numerical errors (iterative, discretization, statistical and even
round-off) have to be diminished to negligible levels;

- Specification of inlet boundary conditions is not trivial.
L. Eca, 9 and 12 April 2021
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Case 1 — Zero pressure gradient flat plate

Mach number 0.2

Angle of attack 0°

Reynolds number 200,000 per grid unit

Reference temperature 540 R

Inlet turbulence conditions Case 1A (T3A):
e |Inlet turb. intensity = 5.855%
e w/u=11.9

Case 1B (T3B)
e |Inlet turb. intensity = 7.216%
o ii/n=299

Comments Grid resolution studies to be performed using
all members of the common grid family for
both the T3A and T3B inlet turbulence
conditions. Inlet turbulence quantities for
participant grids may vary.

Participants should report whether or not they
use free-stream sustaining terms with the
underlying turbulence model.

L. Eca, 9 and 12 April 2021
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TR0 Transition from Laminar to Turbulent Flow
Case 1 — Zero pressure gradient flat plate

Inlet — Everything specified except the pressure;
Bottom — Symmetry and no slip/impermeability conditions;
Top — Symmetry;

) Outlet — Pressure imposed. RCL:VOOL/V:4><106

=
0 5 15 20

10
X/L
L. Eca, 9 and 12 April 2021
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Case 1 — Zero pressure gradient flat plate

T3 A 1s a bypass 0.006
transition
test case. 0.005 I~
h; /h, 1dentifies I
. 0.004 |

the grid |
refinement ~

: 0.003 |
ratio.
h;/hq = Listhe . [
finest grid. '

0.001 E— T S

Re_
L. Eca, 9 and 12 April 2021



TECNICO o .
@ LISBOA Transition from Laminar to Turbulent Flow

Case 1 — Zero pressure gradient flat plate

T3A
AVT results use 0.006
a different domain
size and 0.005
different inlet
conditions for 0.004 -
l/lt D&- =
/u
0.003 | VRe,
Y
i v-Re, (AVT)
0.002 - Y(AVT)
Experimental
| Blasius
0.001, &

L. Eca, 9 and 12 April 2021



TECNICO - .
@ LISBOA Transition from Laminar to Turbulent Flow

Case 1 — Zero pressure gradient flat plate

T3Bis a bypass %97
transition

test case. 0.006 f4
h; /h, 1dentifies _
the grid 0.005
refinement < i
ratio. 0.004 I
h;/hy = 11sthe l
finest grid. 0.003 |

L. Eca, 9 and 12 April 2021
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Case 1 — Zero pressure gradient flat plate

T3B

T3Bisabypass 27T y-Re,
transition ST
test case. 0.006 SST (I=0.01)

. . I O Experimental
h;/hq 1dentifies Blasius
the grid _0.005
refinement ~
ratio. 0.004 -
h;/hy = 11sthe _
finest grid. 0.003 |

104 ] ] ] ] ] ] I]‘()5 ] ] ] ] ] L I]‘()6

Re_
L. Eca, 9 and 12 April 2021
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Case 2 — NLF(1)-0416 airfoil

Mach number 0.1
Angle of attack Case 2A: 0° and 5°

Case 2B and 2C: [-4°,8°] in 2° increments
Reynolds number 4 million (based on chord length)
Reference temperature 540 R
Freestream turb. Intensity 0.15% (or Neeie = 7.2)
Gridding guidelines Recommended medium-grid spacings:

LE spacing: 0.0010 chords
TE spacing: 0.0005 chords
Ay = 3.5 x 10°® chords

Growth rates < 1.2 normal to wall
Far-field boundaries [at Teast 1000 chordd from
surface

L. Eca, 9 and 12 April 2021
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Case 2 — NLF(1)-0416 airfoil

Study of size of the I
computational domain 500
A =1536¢/L, = 2304c/L,

Selected domain
A =16 g
Ly =144c,L, =9%c 5, Of

i

* 1, aligned with x;

* Free slip at top and

bottom boundaries:; -500 i

* Pressure imposed :

at the outlet. | | | 0 | | | | 10|OO
x/c

L. Eca, 9 and 12 April 2021
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Case 2 — NLF(1)-0416 airfoil

Study of size of the
computational domain 500
A =1536¢/L, = 2304c/L,

Selected domain
A =16 g
Ly =144c,L, =9%c 5, V[0

* V., aligned with x;

* Free slip at top and
bottom boundaries;

-500

 Pressure imposed

at the outlet. I | | | 1000
x/c

L. Eca, 9 and 12 April 2021
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Case 2 — NLF(1)-0416 airfoil

Computational domain forA =16 = L, = 72c AL, = 48c¢

10} L

_/
| —7

10 5 0 5, 10 15 20 25
x/c
L. Eca, 9 and 12 April 2021
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Case 2 — NLF(1)-0416 airfoil

Computational domain forA =16 = L, = 72c AL, = 48c¢
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Case 2 — NLF(1)-0416 airfoil
Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1

0006 4 =8 . r=2
p= 0.7 p=2 p=1
- A =32 < =4 0 =1
0.0058 - p=1 p=2 = 0.5
i v A=16
- p=2
0.0056 |- e
[ : A A A
@ ~ =
0.0054 F
/ v
0.0052
O 005 | | | |
0 0.5 1 1.5 2

r=h/h,

L. Eca, 9 and 12 April 2021
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Case 2 — NLF(1)-0416 airfoil
Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1

0.00434
0.00432
U“o.0043 _
0.00428

0.00426

| n 7\«=64 7\,=8 o 7\«=2
_ p= 1.1 p= 1.0 p= 0.9
A A=32 < r=4 O r=1
| | | | I | | | | I | | | | I | | | | I
0 0.5 1 1.5 2

r=h/h,

L. Eca, 9 and 12 April 2021
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Case 2 — NLF(1)-0416 airfoil
Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1

0.0016F 64 r=8 . s
- ah+bh’ p=1 p=1.9
0.0015 :_ A 7\‘=32 < 7\’=4 ] 7\’=1
- =1 p=1 =2
0.0014F ., ey b
0.0013 F p=2 " - - -
& -
00012
0.0011 F
0.001 F
0.0009 F
: | | | | I | | | | I | | | | I | | | | I
0.0008 5 0.5 1 1.5 2

r=h/h,

L. Eca, 9 and 12 April 2021
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Case 2 — NLF(1)-0416 airfoil
Simulation of the flow at « = 0° for A = 64,32,16,8,4,2,1

0.485 i o A=64 A=8 . A=2
p= 1.1 p=1.9 p= 0.7
A A=32 « A=4 . A=1
p=1 p=2 p= 1.6
- v A=16
048 - p=2
B i
@ - A -
—— - " A
0.475 | : .
| | | | I | | | | I | | | | I | | | | I
0'470 0.5 | 1.5 2
r=h/h,

L. Eca, 9 and 12 April 2021
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Case 2 — NLF(1)-0416 airfoil
1.1

E_ u (I)= CL (1): CDf ¢ ¢= Xtr/ cupper
1.08 F p= 1.0 p=1 p= 0.7
E A d): CD < (1): CDP - (|)= Xtr/ clower
1.06 p= 0.7 p= 0.7 p=1.9
N v ¢=C,,.
Losf G A
1.02 F >
o -
g 1 g T
0.98 ;-
0.96 F
- v
0.94 ;—
0.92 F
09:l|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
0 5 10 15 20 25 30 35 40 45 50 55 60 65

A= 1536/Ly= 2304/L_
L. Eca, 9 and 12 April 2021
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Case 2 — NLF(1)-0416 airfoil

1.01

(1): CDf ¢ d): Xtr/ cupper
p=1 p= 0.7

< (1): CDP = (|)= Xtr/ clower
p= 0.7 p= 1.9

1.005

=
SO
_e_
| (|)=CL
- p= 1.0 .
0.995 A $=C,
p= 0.7
v ¢=C,,.
p= 0.7
£ Tl RREE RREEE A NN Nl SRR FRREE RN SRR FREE RENE PN S

0'990 5 10 15 20 25 30 35 40 45 50 55 60 65

A= 1536/Ly= 2304/L_
L. Eca, 9 and 12 April 2021
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o=0°

o5k £
=y
O 0
7-Re,
' Y
'0.5 [ AFT
o Experimental, 0=0.01°
-1 I R S S N S RS S S A I R
0 0.2 0.4 0.6 0.8 1
x/¢
2 [ y_Ree (1250
i Y
1.5 E AFT

Experimental, a=5.09°

Cx10°

Cx10°

Case 2 — NLF(1)-0416 airfoil

Upper surface

6_

x/c

L. Eca, 9 and 12 April 2021

Transition from Laminar to Turbulent Flow

Cx10°

Cx10°

Lower surface

6 —

| 7-Re,
4 Y

i AFT

o=0

o 02 04 —06 08

x/c

o 02 04 06 08



TECNICO
@ LISBOA

Case 2 — NLF(1)-0416 airfoil

Lower surface, a« = 0°

Num
Numerical Uncertainty 10'

10°

10" E

107
107
10™

U(C x10%

107
10°
107

10® L

AFT

Num

Transition from Laminar to Turbulent Flow

0

0.2

0.4

x/c

0.6

0.8
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Case 2 — NLF(1)-0416 airfoil

Lower surface, a« = 0°

Num

Numerical uncertainty. 10' g Ai Num J Num y&@_ Num
o In(I) Ind)  ====-= In(I)

In(1) 10°F

Input uncertainty 107" L

from 5% -

uncertainty in I at ~
the inlet.

U(Cx10°
T |||||r|-h
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Case 2 — NLF(1)-0416 airfoil

Lower surface, a« = 0°

Num AFT y Y—Re

Numerical uncertainty. 10' ¢ Num Num 0 Num
o | In(l) In()  -=--- In(l)

In(l) 10 ? ......... In(v,) - In(v)  =s=rmemem In(v)

Input uncertainty 10" E

from 5%

— |

107

l

uncertainty in I at ~

the inlet. < 10°

Xﬁ-i
In(v;) = 10"
Input uncertainty - 10° |
from 5% .
uncertainty in v, at 107 '\
the inlet. 107 \
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Transition from Laminar to Turbulent Flow

Case 2 — NLF(1)-0416 airfoll

0.01
0.008
0.006

0.004

. Experimental
A~ v-Re,
v Y
_ > AFT
|
> N - ¥
Y n A
> | | Vk
* >
A
| |
0
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2-D Test Cases

Geometry Flow condition | Experimental Transition
Data Model

-l 4

Flat 107 I =1.0% (T3AM) Cr, Vy 6 3
Plate I = 5.4% (T3A) Cr, Vi 5 3
Eppler 387 3 x 10° a=1° C, both sides 7 4
Foil a=7° C, both sides 6 3
NACA 0015 1.8 x 10° a = 5° Cr upper 5 3
Foil a = 10° Cr upper 4 2

L. Eca, 9 and 12 April 2021
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Flow over a Flat Plate

 Two-dimensional rectangular domain
C.=0
p

A o
7 5. D
4 ~ /5)(

> 0.25L

]
Ol W~

L ——

\

X<V

pa N

0.25L L 0.25L

with L as the plate length, V. as the incoming velocity.
Incompressible fluid. Reynolds number Re = -2= = 107.

1%
Experimental data from

L. Eca, 9 and 12 April 2021
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Flow over a Flat Plate
* Three sets of five geometrically similar

grids using
L=1m (V, = 1m/s = v = 10~'m?/s)

I \ g /
- B e AN
—

“O grids” “HO grids”
L. Eca, 9 and 12 April 2021
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Flow over a Flat Plate
* Three sets of five geometrically similar

grids using
L=1m (V, = 1m/s = v = 10~'m?/s)

“O grids” “HO grids”
L. Eca, 9 and 12 April 2021
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Y — Reg
Flow over a Elgt Plate (T3AM)
B [ Exper
- A
i " .
3 - N s gt
en : .
S 2
X 2 K /io
O -
_ ¢ ¥
| i u & & . Ve
Tt eegegils
O I | | | | | | | I
T o 1E+06 2E+06
Skin friction coefficient, C Re_
L. \!d, J dlilu |1 & I‘\IJIII L9IUL |
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Y — Reg
Flow over a Ifllgt Plate (T3AM)
B [ Exper
A
O
3 ., i
IS [
" <
=
Xq_ 21 =
@
i =
1+ = e
i e * . +
O_ | | | | L L
o . 1E+06 2E+06
Skin friction coefficient, C Re_
L. \!d, J dliu 14 I‘\lJIII L9IUL |
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Y — Reg
Flow over a Iilgt Plate (T3AM)
0.5F 4+ 1
S . 1T
X - I g - - == T 1
~O0F = = £z . £ 3
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Flow over a Elgt Plate (T3AM)
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Flow over a Elgt Plate (T3AM)
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Flow over a Iglgt Plate (T3A)
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Y — Reg
Flow over a Iglgt Plate (T3A)
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Y — Reg
Flow over a Flat Plate (T3A)
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Flow over a Iglgt Plate (T3A)
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Flow over a Flat Plate (T3A)
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Flow over a Flat Plate

e (General Remarks

- One outlier for the T3AM simulations with the y — Rey model.
Same submission with the y model consistent with the others;

- No outliers for T3A and better overall agreement between the
different codes than in the T3AM:;

- Grid dependency significantly dependent on flow solver
(iterative convergence, discretization schemes are not equal);

- Same flow solver with different grid topologies showed
consistency for all quantities of interest.

L. Eca, 9 and 12 April 2021
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ays X .
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E g i@ & 4 0
R N
¥; e e g
0.4_-1‘ E .
:’% < :
8(').2 H X .
| Orzz“?z; . " &
g R R
0.2
04k
Vo002 04 __ 06 08 1
x/c

__ 10 o
a = L. Eca, 9 and 12 April 2¢ Pressure distribution, C,



TECNICO - .
@ LISBOA Transition from Laminar to Turbulent Flow

Flow aroungkthe Eppler 387 foil « =y — Reg
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Flow aroungkthe Eppler 387 foil . B
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Flow around the Eppler 387 foll

e General Remarks

- Pressure force exhibits less consistency between the different
submissions than the friction force;

- SKin friction coefficient exhibits a remarkable agreement
between all simulations;

- Largest comparison errors (Simulations-Experiments)
obtained at the laminar separation bubbles;

- Grid dependency significantly dependent on flow solver;
- Same code with different grid topologies showed consistency
for all quantities of interest.

L. Eca, 9 and 12 April 2021
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Flow around the NACA 0015 foll

« cis the chord length and U, is the incoming velocity.

* |ncompressible fluid.

 Reynolds number Re = % = 1.8 x 10°.

* Angles of attack of « = 5° and a = 10°.

» Experimental data obtained from

Miozzi, Di Felice, Klein, Costantini:

"Taylor hypothesis applied to direct measurement of skin friction
using data from Temperature Sensitive Paint", Experimental
Thermal and Fluid Science, Volume 110, 2020, 10991

L. Eca, 9 and 12 April 2021
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Flow around the NACA 0015 foll
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Flow around the NACA 0015 foll
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Flow around the NACA 0015 foll
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Flow around the NACA 0015 foll
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Flow around the N_ACA 0015 foll
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+ Trailing edge at = = 0.5cos(a),% = —0.5sin(a).
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Flow aroungothe NACA 0015 foll
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Flow aroungothe NACA 0015 foll
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Flow aroungothe NACA 0015 foll
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Flow aroungotgwe NACA 0015 foll
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Flow aroun%r[\r‘e NACA 0015 foll
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Flow aroungotbe NACA 0015 foll
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Flow aroundztbe NACA 0015 foll
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! — Rég

20

| | | I B | |l | | | l | | | l |
-0.4 -0.2 X(/)c 0.2 0.4
a =10 L. Eca, 9 and 12, Upper surface, Skin friction C;




TECNICO - .
@ LISBOA Transition from Laminar to Turbulent Flow

Flow aroungiothe NACA 0015 foll
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Flow aroungothe NACA 0015 foll
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Flow around the NACA 0015 foill
e (General Remarks

- Largest discrepancies between all submissions;

- Experimental data needs clarification at the laminar
separation bubble and downstream of x = 0.5¢ for & = 59;

- Results with the new y model significantly different than those
obtained for the Menter et al. y model;

- Grid dependency significantly dependent on flow solver.

L. Eca, 9 and 12 April 2021
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6:1 Prolate Spheroid

Computational Domain

* Follows workshop guidelines:
+ Boundaries at > = +100, - = +100
and = = +100;

* Symmetry plane at the spheroid

G-0)

L. Eca, 9and 12/
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6:1 Prolate Spheroid .
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and
6:1 Prolate Spheroid
Set 1 } o |  Set?2
[ Set 2 ]

e« | =0.1917%; ] o | =0.5%;
u — : u

e Xp=-15L; © 1 + Xz notused;

 Matches ‘  Matches
guideline for . guideline for
I =0.15% at [ _ I =0.15% at
the nose of b e the nose of
the spheroid. ' =0 WL >0 10 the spheroid.

L. Eca, 9 and 12 April 2021
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Boundary
Conditions

6:1 Prolate Spheroid
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guideline for 3o
I = 0.15% at

the nose of a2 o0 o0z o4
the SpherOid' L. Eca, 9 and élkpril 2021
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6:1 Prolate Spheroid

180 ———Qf—_e
Boundary :
2 s 150 =
Conditions -_
o [ =0.5%; 2o
e =059
. K — 250, 2 90 .
U 5 e Gnd 5,
*  Xp not used; * ¥ — Rep;
 Matches
guideline for =0
[ = 0.15% at
the nose of %2 02 o o0z o4

0
: x/L
the spheroid. L. Eca, 9 and 12 April 2021
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6:1 Prolate Spheroid
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6:1 Prolate Spheroid
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6:1 Prolate Spheroid
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Case 3 — 6:1 Prolate Spheroid . g = 5o

C,10°

x/L | ' - - x/L

v — Re, - CFHE y — CFHE

L. Eca, 9 and 12 April 2021
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Case 3 — 6:1 Prolate Spheroid e g =159
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Yy — Reg - CFHE y — CFHE

L. Eca, 9 and 12 April 2021
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6:1 Prolate Spheroid

« Complete specification of inlet boundary conditions is essential
for simulations performed with transition models at low Reynolds

numbers. Specifying only turbulence intensity at the leading edge
IS insufficient.

« Reliable comparison with experimental data depends on

knowledge of complete inflow conditions and domain size (wind
tunnels are not infinite domains).

* Using large (awkward) values of eddy-viscosity at the inlet is
most likely an attempt to correct an error (of the underlying
turbulence model) with an another error.

L. Eca, 9 and 12 April 2021
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Final Remarks

* Transitional flows strongly depend on inflow conditions and other
flow details (as for example surface roughness) that are not
always known;

 Present RANS transition models give a clear improvement of the
agreement between simulations and experiments, but a proper
validation exercise (modelling error assessment) is difficult to
perform;

« Extension of the present transition models to Scale Resolving
Simulations is not straightforward.

L. Eca, 9 and 12 April 2021
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