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CONTEXT

WHAT IS CAVITATION ?
vap (T=20°C) = 2 300 Pa

.

P

Pressure

solid liquid

Py triple point

cavitation

Temperature

E L ; 4High Pressure
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WHAT IS VORTEX ROPE ?
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OBJECTIVE Hes
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Model test
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METHODOLOGY

3D Modelling

HES-SO Valais-Wallis
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V.(p5®5)=—\7p+ l7.(£+ﬁ)

or, = 1
2+ (C.V)r =S

Simulations of the model test and
comparisons with experimental results

N« 1D Modelling
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TEST CASE: FRANCIS TURBINE AT HeSjSO//%%ﬁlg
OVERLOAD e

TR (| (
"PWﬁﬁi'M‘

Q > Qnominal

Draft Tube

Flow
Direction

Value

Parameter

26.8

1400

Spiral Case
j = 263

800

0.515

0.1

. . PASC15- Zurich 01-03 June 2015
E ﬂ I;Ia%g-?SO Valais-Wallis CFD Computations of a Cavitation Vortex Rope
J. Decaix, S.Alligné, A. Mdller, C. Mlnch, F. Avellan




MODELLING Hes
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Reynolds-Averaged Navier Stokes Equations (RANS)
dp

Mass 3 + V.(pC) =0 Turbulence stresses are modelled
R using the Boussinesq's assumption.
Momentum dpC 2 o A
ot + V. (PC 0% C) =—-Vp+ V. (g The eddy viscosity is computed

: or - 1 using the k-w SST model.
Gaz volume fraction  —2+ (C.V)r, = —S
g9

Cavitation model

3 |Pyap — P|

Vaporisazion term S =S, = F,N,p,4nR> \/E o if P < Pygp

Condensationterm  s=g5,

3 |Pygp — P
—F Np,4mR2 Ji |”“;—L| if P> Py,

3 Tuc N — 3ay
4TTR3 “ " 4nR3

By default: F, = 50, F, = 0.01, 7, =5% Rg=2"°m
P,., (T=20°C) =2 300 Pa
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MESHING Hes
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Structured mesh with hexahedra

Part Number Of nodes Eod '» =

i i
T A R
A
A A S
i

A

e
i i O
i e R
- i i
il iy iy
———;
i
A
[
L] B
i,
)
i
)
b
b

i
)

e
bR

Stay Vane + Guide Vane 3.17E+06

R unnei 2 6 3 E + O 6 S T
- dHWUHWJNﬂVI\‘“\ﬂHWWHWNHUWWUH"'#HﬂmmmIH HH H“ll"ﬂl““lWlllNUNUl\lUVUNH“N\Nﬂ“ﬂmlml\

\\W!Wﬂm!“”lUWIJ1ﬂm”V!”WUWWJWW"""|||||||| .“|\|\llﬂl\ﬂ“\WI\HmNmmﬂlmNHIWIUUIUI

A T

i
i UM
A AT

iy o

I
il

. I;II;IIIIMIII%I;I%I/IW//////W//#//W//IW/W///%//
i
/ 7 il il
i il
. e

W
e
T
R
\\\\\\\\g}?\%{{&\\\\\\\
0

T
(MRS
T
\k\\\%\{‘“\‘“
AN
B
e

. . PASC15- Zurich 01-03 June 2015
EEEE-QSO Valais-Wallis CFD Computations of a Cavitation Vortex Rope
J. Decaix, S.Alligné, A. Mdller, C. Mlnch, F. Avellan




NUMERICAL SET UP
ANSYS CFX15.0

Hes
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Advection Scheme

Time Scheme
Equation Scheme Equation Scheme
Momentum Backward Second Order Momentum TVD Scheme
Turbulence Backward First Order Turbulence Upwind First Order
Gas Volume Fraction Backward First Order Gas Volume Fraction TVD Scheme

HES-SO Valais-Wallis

BEBEA-..

Boundary conditions

Boundary Condition
Inlet Discharge
Outlet Opening Pressure
Wall No slip condition
Rotating wall Rotation speed
Interface Transient rotor/stator
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ROTOR/STATOR INTERFACE Hes so/// Vit
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COMPUTATIONAL RESSOURCES Hes
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» CPU ressources: 2 CPU with 10 cores => 20 cores.
= Memory allocated: from 30 to 60 Gb.

= Computational time: 20 days.

= Storage: 100 Gb

* Message passing : MPICH
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GLOBAL RESULTS WITHOUT CAVITATION Hes
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At =103 s & 4.8° of revolution per time step

Simulation time duration:t=4s

B

Parameters Experiment Computation
Head (m) 26,8 26,2
Torque (N.m) 1411 1411
Specific Energy (J/kg) 263 257
Efficiency (-) 0,87 0.90
Ned (-) 0,288 0,291
Qed (-) 0,259 0,262
e 0 Valats-iatls CFD Computations of a Cavitation Vortex Rope
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VORTEX ROPE WITHOUT CAVITATION Hes so/// Vit
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Pressure iso-surface ‘euociyradial

Isosurface 1 [m s”-1]

Upper Section

Lower Section

~
-
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VELOCITY FIELDS WITHOUT CAVITATION Hes-so// i

Upper Section Lower Section

Velocity. Trnavg Axial Velacity. Trnavg Axial
Contour 2 Contour 2
8.3166-01 1.160e+00
I -3.402e-01 I 3.356€-02
-1.512e+00 -1.093e+00
-2.684e+00 -2.220e+00
-3.856e+00 -3.346e+00
-5.028e+00 -4.473e+00
-6.199e+00 M -5.599+00
-7.371e+00 e a n -6.726€+00
-8.543e+00 - -7.852e+00
-9.715e+00 Ax I a I -8.979e+00
-1.089e+01 -1.011e+01
[m s~-1] [m s”-1]

Velocity

L

Velocity in Stn Frame.Trnavg Circumferential
Contour 2

Velocity in Stn Frame. Trnavg Circumferential
3.987e+00 Yelocity | 9
3.490e+00 3.897e+00
2.992e+00 I 3.425e+00
2.4948+00 2,953e+00
1.997e+00 2.480e+00
1.499e+00 2.008e+00
1.001e+00 1.535e+00
5.035¢-01 M e a n 1.0632+00
5.783e-03 5,906e-01
-4.919¢-01 - 1.182e-01
9.8960-01 | an g en t ia | 3542001
(ms"-1] -8.266e-01

[m s”-1]

Velocity

L
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UPPER SECTION: TANGENTIAL VELOCITY Hes
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1 - + Expe (cavitation)
0.8 - A RANS (no cavitation)

0.6 -
04 -
0.2 -

Cu*O—"

-0.2 -

0.4 - N

-06 05 -04 -03 02 -01 O 01 02 03 04 05 0.6
r*
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LOWER SECTION : TANGENTIAL VELOCITY Hes
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1 - + Expe (cavitation)
0.8 A RANS (no cavitation)

0.6 -
04 -

0.2 -

cut 0 o’ AAA

-0.6 -05 -04 -03 -0.2 -0.1 O 01 02 03 04 05 0.6
r*
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REDUCED DOMAIN: MOTIVATION Hes
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To reduce CPU tirﬁe

To better control the fluctuations
e

Pressure surge due to the elbow

Pressure surge controlled by the boundary condition

Q*C@
. .
&
7 ‘ :
2
oL
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REDUCED DOMAIN: METHODOLOGY Hes so/// Vit
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Guide Vanes/Runner interface

Transfer of the radial velocity field with
a correction coefficient in order to
guarantee the mass flow conservation

r
!. s

Full domain Reduced domain
Runner + Straight part of the Draft Tube
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CAVITATING VORTEX ROPE Hes
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LiquidWater.Velocity Radial ) )
= e e i

F 3.000e+00

1.000e+00
I - -1.000e+00

H -3.000e+00

-5.000e+00
[m sn-1]

Iso-surface: o, =0.5

At = 0.96 deg

Time duration: 1s
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VELOCITY FIELD WITH CAVITATION Hes so/// Vit

Upper Section Lower Section

LiquidWater.Velocity. Trnavg Axial LiquidWater.Velocity. Trnavg Axial
anlourSectionUL 4 Vo anlourSectionUL R4 va

0.000e+00 0.000e+00 ——=
-7.983e-01 -7.497e-01
-1.597e+00 -1.499e+00
-2.395e+00 -2.249e+00
-3.193e+00 -2.999e+00
-3.991e+00 -3.749e+00
-4.790e+00 -4.4388+00
-5.588e+00 M -5.2488+00
-6.386e+00 e a n -5.998e+00
-7.185e+00 -6.748e+00
-7.983e+00 u -7.497e+00
-8.781e+00 Ax I a I -8.247e+00
-9.580e+00 -8.997e+00
[ms~1] v I - t [ms™1]

0 0100 0.200 (m) 0 0.100 0.200 (m)
_mlsﬂ:_ﬂlsﬂ:| _:msn:_mm:|
Liquidwater.Velocity. Trnavg Circumferential Liquidwater.Velocity in Stn Frame. Trnavg Circumferential
ContourSectionUL ContourSectionUL
4.039e+00 4.006e+00
3.702e+00 3.672e+00
3.366e+00 3.338e+00
3.029¢e+00 3.004e+00
2.692e+00 2.670e+00
2.356e+00 2.337e+00
2.019e+00 2.003e+00
1.683e+00 1.669e+00
1.346e+00 M e a n 1.335e+00
1.010e+00 1.001e+00
6.731e-01 ] 6.676e-01
3.366e-01 Ta n e n t I a I 3.338e-01
0.000e+00 0.000e+00
[ms™1] V I - t [ms™1]
| . | .
0 0.100 0.200 (m) 0 0.100 0.200 (m)
0050 0.150 0.050 0.150
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UPPER SECTION: TANGENTIAL VELOCITY Hes
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1 + Expe
0.8 - A RANS
A
0.6 - “~,
Ay
_ X
0.4 A
0.2 - A
-0.2 - A
A
-0.4 -
A
-0.6 -
A
-0.8 -
-1
-0.6 0.5 -04 -0.3 -0.2 -0.1 0 01 02 03 04 05 0.6
r*
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LOWER SECTION: TANGENTIAL VELOCITY Hes
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1 - + Expe
0.8 - A RANS

A\

0.6 - L%
0.4 .
. ~ A
A

0.2 -
Cu* 0
-0.2 - .

L 4

0.4 - L

A
-0.6 - A
A

-06 -05 -04 -03 -02 -01 O 01 02 03 04 05 0.6
r*
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CONCLUSION AND OUTLOOK Hes
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Achievement
v Full domain: CFD results are in agreement with the experiment.

v Reduced domain: Cavitating rope is captured accurately
compared to the experiment.

Ongoing work Methodology has been already tested on a 2D case

» To compute the flow with an excitation pressure at the
outlet of the reduced domain.

» To provide the correct inputs to the 1D model.
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