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Motivation

10 Influence of artificial roughness
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Re,, (x10°%) than a polished one !

It is useful for the designer to have an estimate of the effects of upstream wakes
and surface roughness on both heat transfer and aer  odynamic performance
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Motivation

The blade surfaces varied significantly with time. The types of surfaces could be
categorized as:

 erosion (due to prolonged use or hostile operating environments — the surface is
typically characterized as having peaks above and v alleys below the mean surface
level),

 deposits (deposits were typically raised above the me an surface level of the blade),

» corrosion/pitting (small canyons of measuring depths of 250 ym and widths of 5 cm).
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N
(Ellering, 2001)

Rough surfaces are characterized by statistical par  ameters such as average centerline
roughness Ra, which are correlated to the well-defin  ed equivalent sandgrain
roughness, k

_ U ks
%

The other measure is nondimensional sandgrain height Ks
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Motivation

As the roughness height progressively increases |-t t ransition moves forward on !

There are many various approaches to model transiti onal flows, but generally
Transition Models

» require empirical input for transition onset detection
» are based on non local formulations
» not compatible with modern CFD approaches

An alternative

Transition Model based on the local formulations Y-Reg (Menter'04)

!

Intermittency Transport Model (ITM) -  y-Rey extended by inhouse correlations
(Piotrowski at al., 2007)
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Intermittency Transport Model - basic assumptions

Solver => Fluent => 4 User’s Defined Scalarsl

K transport equation Modified SST
w transport equation turbulence model

+

Intermittency factor (y) transport
equation

+

Local transition onset momentum
thickness Reynolds number (Rg)
transport equation

ERCOFTAC Spring Festival, Gdansk, 12-13 May 2011 6



Intermittency Transport Model - basic assumptions

Transport Equation for Intermittency Factor ( y)

a(oy) , a(pU y) 9 U, | dy
+ =P,-E,+P,-E_,+ + =L |
ot OX, T TR & o,

Transition Sources

Py = 2F ) P B F]*  Ep=caPuly

Destruction/Relaminarization Sources
P,=0.060p @ [j[F,

urb

E,,=50CP,

The main difference to other intermittency models lies in the formulation of F_
used to trigger the intermittency production

R f(FOHSE?t 1)
- (Piotrowski at al., 2007)

_ Re, - ~
Where Fonset_l - 2193@ Re& = f(Rea) — ReHc - FP DRea

Rey. and F .y, could be correlated to the local transition momentum thickness
Reynolds number Re, obtained from the additional transport equation
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Intermittency Transport Model - missing correlations

The key element of the methodology is a relation betwedRe,. and F,

ength
and local momentum thickness Reynolds number Rg?
Those relations were obtained based on numerical experiment!
_ _ Flow direction
Re, = f(Rea) —> Re,. = F; [Re, m—
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Intermittency Transport Model - modifications

to account for wall roughness (ITM )

Introduced modifications:
v For turbulent boundary layer: modification of wall boundary condition for w and for
turbulent eddy viscosity (Hellstein&Laine,1997)

: L = 3, oK
u T .
C()W :LSR K+_uTkS MAX(A“QF@)
v s~ ’
vV
150v
Sk = [50/ maX(Kg; K;min]2 dia K; <2 F3 :1_tanh|:[ dz] :l
w
S, =100/ K da K225

(F3=1- 0in near wall region)
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Intermittency Transport Model - modifications

to account for wall roughness (ITM )

Introduced modifications:
v' For turbulent boundary layer: modification of wall boundary condition for w and for

turbulent eddy viscosity (Hellstein&Laine,1997) a, ok
2 Hr = _
oY% . uk AX (A OFE))
V s ©
v 150V
- =[50/ max(K 2 K& [ da K:<25 Fa=1-tanh| —3
sR =100/ K} da K!=>25

(F3=1- 0in near wall region)

v For transitional boundary layer: combination of Re, transport equatlon W|th the onset
correlation of Stripf at al. (2008). T g

fTu = HP_01_40b
for k/6" > 0.01 Reg =MIN K e; +00061f/.(k -0. 01) } ] 160-
"W Il

6* ——HP_01_70
/v ATU) /o= R

Roughness helght

- T -
-0.5 OO 05 10

The correlation accounts for the effects of roughness height and density as well as
turbulence intensity.
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Calculations of simple flows with rough walls

Flat plate flow with zero gradient (Halzer,1974)

copper balls with a diameter ofd, = 1.27 mm
equivalent sand roughnes&=0.62d,=0.79 mm
Tu=0.4%; U, =27, 42, 58 m/s

Calculations verified against DEM-TLV (Stripf, 2007) and
correlation by Mills and Hang (1983)

¢, =(3.476+0.707In(x/k_)) 2*

0,010 —————— 0,010 — ——
1 ¢ _ o Exp ] 1 o Exp
0,009 - . Uoo—27m/S ...... DEM-TLV |7 0,009 Uw:42m/S ------ DEM-TLV
1 \: Mills&Hang | ] T . Mills&Hang | ]
b —— ITM ] LIS —— ITM, 1
0,007 - (\ . 0,007 -
0,006 - O 0,006
0,005 - 0,005 -
0,004 - 0,004 -
0,003 —— 0,003 ——
0,0 0,5 1,0 1,5 2,0 2,5 0.0 0.5 1,0 1,5 2,0 2,5
x [m] x [m]
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Verification of ITM procedure for turbine blade

with wall roughness

High pressure turbine vane (Stripf, 2007). Type of surface roughness
/ 157 | 159 ——HPTV_20a (k=20pm)
1 A S -7 ﬂ ----HPTV_40b (k=37um)
1 . T HPTV_70 (k=70pm)
10 - -
/ 1% ] ) \‘\
. X s '
0.5-]
0‘0-""I""\‘\""I""-
0.6 0.7 0.8 0.9 1.0 0 50 100 150 200
(Q@ porosity d=d=d inpm
inflow %
."E;u[’L &6;3
- © Tu=3.5 %; U_=29.8 m/s
&
i Test
Y estcase | . .
KS[-1 | kImml | z[Pa] | u, [m/s] |O [mm] | Tug [%] e k/5
— HP 01 20a | 2205 | 0072 | 39 6.21 0.157 0.98 5.7 0.46
r(_\
 HP_ 01 40b ) 4813 | 0120 | 570 | 757 | o102 1.0 5.4 1.26
HP_01 70 | 99.03 | 0238 | 72 8.44 0.073 1.19 5.2 3.26

Condition to induce the response of b.l. (acc. to Zhandjodson’04): k> 0.15% chord >> HP_01_40b
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Verification of ITM procedure for turbine blade

with wall roughness

4000

1Re = 1.4-10° o smooth | Symbols — experimental data
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l
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Verification of ITM procedure for turbine blade

with wall roughness

:022 1Re = 1.4-10° o smooth | Symbols — experimental data
S0037u=35% = HPTV_20a (k=72 um) i ) o
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Steady and unsteady calculations of simple flows

with rough walls

Calculations for flat plate with pressure gradient (Lou, Hourmouziadis, 2000)
77777 7 g 7 7777

KF=10-50;
Tu=0.6%:;

ncoming flow

separation bubble Uoo:9 m/S
0.90 7 T T T ]
| |— 1™ :
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Steady and unsteady calculations of simple flows

with rough walls

Calculations for flat plate with pressure gradient (Lou, Hourmouziadis, 2000)

--=10-50;
Tu=0.6%;
U_ =9 m/s

ncoming flow

separation bubble

Unsteady results: oscillating o5 o Uin: 0.00 0.3 067 1.00 133 1.67 2.0
inflow conditions

U.(t)=0, [1+Asin(27t)] |,
A=13%, f=7Hz

0.000 =530 0.35 0.40 0.45 0.50 055

XL
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Steady and unsteady calculations of simple flows

with rough walls

Calculations for flat plate with pressure gradient (Lou, Hourmouziadis, 2000)

Influence of surface
roughness

0.90
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Steady and unsteady calculations of simple flows

with rough walls

Calculations for flat plate with pressure gradient (

Lou, Hourmouziadis, 2000)

Velocity distributions for chosen surface roughness

0.008

0.008

I™ ITMR10
0.006 0.006
.|
3, 0.004 S, 0.004
0.002 0.002
0.000 055 060 0.000 055 060
0.008 0.008
ITMR30 ITMR50
0.008 0.006
| -
2 0.004 S 0004
0.002 0.002
0.000%555 0. . ) 055 060 0.000 55750 0. ) 045 050 055 060
XL
— o
UU; o 1.8
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Unsteady calculations of N3-60 blade

Unsteady results: instantaneous solutions Tu;,=0.4% and d=4mm
1/T=0.20 1/T=0.49 1/T=0.61
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Wake deformation and displacement towards the sucti on side

Difficult task for transition modelling
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Unsteady calculations of N3-60 blade

Unsteady results: instantaneous solutions
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Tu,,=0.4% and d=4mm

The time traces of H
at the location S.=0.65
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The same start of transition
under the wake

Some differences in the extend
of the turbulent wedge

The model indicates transition
in separated boundary layer
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Concluding remarks

 the ITM procedure with proposed correlations for transit lon onset
and transition length is able to predict the boundary layer
development for simply as well as turbine blade test cases

 An approach to calculating roughness effect in the fr amework of
transition model has been presented

* The results of simulations are consistent with experim ental data,
at least qualitatively

 The methodology needs further tests and evaluations
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