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Overview

 Introduction
— Methodology of CFD model development

« Experiments at TOPFLOW test facility @ FZR

« CFX blind test calculations

— Mesh hierarchy
- CFD Best Practice Guidelines

— Setup of the flow physics
- thermohydraulic CFD models

— Results of the CFD simulation

« CFD model validation and comparison to data
from complex 3-dimensional flow around obstacle

e Summary & Outlook
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Methodology of CFD Model ‘m‘l
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TOPFLOW Test Facility@FZR  |ANSYS
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The Movable Orifice in TOPFLOW |@|
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3-dimensional Bubbly Flow |ml

Around Movable Obstacle

Blind test for CFX model application to flow around obstacle:
« 3-dimensional flow; steady state

« Turbulent monodisperse 2-phase flow

* Flow stagnation, recirculation & re-attachment

* Phase separation

Flow geometry and test case conditions:
« CAD data from obstacle geometry from FZR

« 1.5m of TOPFLOW pipe up- and downstream of the obstacle
(L=7.5D, D=198 mm)

« Air-water flow at 1 bar, 25 °C
 Test case conditions of test case TOPFLOW-074
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TOPFLOW-074 Test Case |ml

Conditions from Test Matrix

 Selection of test case conditions:
supefficial gas velocity * EXxperiments:

D =T D o oo o= W = Air-Water at
ms|8 88 &8 & 0 o 1 bar, 25 °C
= O o o O o o
> = Saturated Steam-
=0 1.611| OFS 086 097 108 119 130 141 152 Water at
= 0
ST 1_1]1?&135 0896 107 118 129 140 151 65 bar, 280 °C
—
=
E-E 0.405| 072 083 094 105 116 127 138 149 " some tests at
= + 10, 20, 40 bar
“ = 0.102| DES OS0 099 102 113 124 135 146

« TOPFLOW-074 subject of validation in the past

 Superficial velocities: J;=0.0368 m/s
J =1.017 m/s

 Wire-mesh sensor measurements at locations:
z=%10, 15, 20, 40, 80, 160, 250, 520mm
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Measurement Data for

Test Case 074

Run: 074

Air-water flow, 1 bar

LIQUID VELOCITY
max = 4.000 m/s

VYOID FRACTION
max =149 %

=

superficial gas velocity

o = o o ™ = Lo
Mo o~ o = 2
ms |2 £ 28 -~ ® i &
a0 o = 8 o o o o
= %‘ 1611|075 OBE 037 108 119 130 141 152
= 0O [ B :
S T_ﬂ1?|]E5 096 107 118 129 140 151
‘& E 0.405| 072 083 094 105 116 127 138 1489
- E |
w = 0.102| OES" DEOCEST 102 113 124 135 146
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Measurement Data for

Test Case 075

Run: 075

Air-water flow, 1 bar / 4 e
VOID FRACTION LIQUID VELOCITY
=7 rel. scale
max =149 % ™ max = 4.000 m/s
= » . o -1.000
superficial gas velocity P
% : E - E g % % . i -0.800
m;"rS o Y o T E N m wnw o Y -0.600
o o o o T o R o O =
= ":"5 1611 lm 097 108 119 130 141 152 A 0400
. — G - — _J B : .I'._ B
25| 1.017| 074 0zs[088 107 118 120 4D 15 e oz
= > - ' — - . ]
‘& o | 0.405| 072 083 094 105 116 127 136 149 — oo
@ 2| 0.102|/68a 080 031 102 113 124 135 145
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Measurement Data for

Test Case 097

Run: 097

Air-water flow, 1 bar

LIQUID VELOCITY

VOID FRACTION

max = 4.000 m/s rel. scale
I i —~1.000
superficial gas velocity
—~0.800
s A W o ™ = W
o o T .
meEEE‘"WF-EE -
c & o 2 oo odgd _
E% 1,611/ 07806 1@119 130 141 152 o
&9 |
EE 1.017 nm 085 Emm?dfﬁ 128 140 151 0.200
—
=
EE 0.405| 072 083 094 105 116 127 138 149 0,000
= |
“ 2| 0.102| 063 080 031 102 113 124 135 145
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Geometry & Mesh Generation |/AANSYS

« CAD data import in ANSYS Workbench (ACIS SAT files)
 clean-up of CAD geometry

* neglecting obstacle support and drive

 taking into account axial symmetry

]

]
- i v
0.00 50.00 10000 (mm) 0.00 50.00 100,00 (mm)
I . I O
25,00 75.00 25.00 75.00
¥ %
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Geometry & Mesh Generation |I\NSYS |

hdAl*Environment 10.0 : Hubblend

File Edit View Info  Settings Windows Help |
] M eS h = A @ ¥ CX | Geometry |Mesh Blocking | Edit Mesh | Properties | Constraints | Loads | Solve Options | Output | CanaD | Post-processing |

: HORLE Q@ gbLgasoXease®
generated with |

Meshing Parameters

ICEM- CFD PN
10.0 e

Nodes [0
Mesh law |BiGeometic v

« Hexahedral

| Spl Linked Select | Reverse

meSh Ratio 1 T W -
Spacing 2 ‘

i SpzLinkeq Sslect | Ravarss

Ratio 2

epply | | oK | Dismiss |

Geametry
Mesh
Blocking
L Farts
—& HUBELEMDE
—ad INLET

—hd’ OUTLET
—
—hd SHEET
=
-

Total elements : 510056

Total nodes : 430725

Min : -96.85 -3.04801e-06 -1500
Max : 36.85 26.85 1500

| Loy _Savg_% . _I
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Mesh Hierarchy

* Mesh hierarchy:

Grid level No. nodes No. elements Yplus@wall
Grid 1 126.532 118.936 18.8,...,173.2
Grid 2 490.725 471.808 0.42,...,53.8
Grid 3 1.908.270 1.861.105 0.19,...,28.6

* mesh refinement by 4 ~1.587
« near wall / near obstacle grid refinement
« modified Laplace grid smoothing
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Flow Physics Setup

 Eulerian two-phase bubbly flow model:

fixed bubble diameter; dependent on hydrostatic pressure (or
height)

dp=4.8,...5.2mm

Grace drag force

FAD turbulent dispersion force

Tomiyama lift force

Frank’s generalized wall lubrication force

Sato bubble enhanced turbulence model

« Turbulence modelling:

© 2006 ANSYS, Inc
All rights reserved.

cont. phase: SST turbulence model with Menter's modified
automatic wall functions

disperse phase: zero equation disperse phase turbulence model
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Flow Setup &

Boundary Conditions

Numerical schemes:
— steady-state simulation
— High resolution advection scheme
« Convergence criteria:
— 103 MAX residuals
« Physical time scale:
— 0.0005 s

 Initialization:
- U, vV, W, rg, r, kK, ® from fully developed pipe flow
« Boundary conditions:

— Inlet: same as for initialization; fully developed pipe flow profiles
— Outlet:  Average Static Pressure
— Walls: no slip wall for cont. phase

free slip wall for disp. phase
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3d Bubbly Flow Around Obstacle

e Streamlines around the

ObStaCl € Water . Velocity
{Streamline 1)
— Vortex system around 5. 4184000

the edge of the
obstacle

— Velocity component
from left to right along 1.20924000
the
vortex core 6.04¢2-001

— Higher ,concentration’
(residence time) in
right vortex core

— 0.000e+000

[m s~-1]

0.071 0.143  {m})
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3d Bubbly Flow Around Obstacle

Water . Velocity

(Streamline 2)
— 2.418e+00

1.814e+00

1.211e+00

6.075e-01

—4.160e-03

[m sh-1]

0.210 (m}
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3d Bubbly Flow Around Obstacle

Air Void Fraction Comparison

« Comparison CFD
CFD & Experiment

. . . Air1. Volume Frae - EXp Void Fraction
« Air void fraction — 1.100e-01 1.100e-01 —
distribution In
symmetry plane 8250002 8.250e-02

» Import of exp. data
into CFX-Post 7200e-02 i | 5.500e-02

* Pre-interpolation of |
exp_ data tO 2.750e-02 5. 5
Az=0.01m

—0.000e+00 0.000e+00 —

0.175 (m) ,
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3d Bubbly Flow Around Obstacle

Air Void Fraction Comparison

8) Z=520mm Run: 074

Air-water flow, 1 bar

4) z=40mm §

VOID FRACTION
max =149 %

. 7) z=250mm

N 6) z=160mm

5) z=80mm

1) z=10mm [y

P on Multiphase Flow
Air-Water Bubbly Flow Around ¢
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3d Bubbly Flow Around Obstacle
Air Void Fraction

Air1.Volume Fraction
{Intersection Plane)

—1.343e-01

1.007e-01

3.358e-02

— 1.000e-07
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Scaled Air Velocity
{Axial Velocity Vectors)

—9.942e-01 -

7.456e-01

2.485e-01

—0.000e+00

0.081 (m)
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3d Bubbly Flow Around Obstacle

Recirculation Zone Comparison

 Gas void fraction
Isosurface at 4%

« Colored by fluid
velocity

CFD

| . p
3 i ;o .‘ T
S -
i ™ e 1 r
3 AR BY q0.110 (m)
X -
[ I

© 2006 ANSYS, Inc 4th FZR & ANSYS Joint Workshop on Multiphase Flow Slide 21
All rights reserved. Th. Frank & H.-M. Prasser: Prediction of Three-Dimensional Air-Water Bubbly Flow Around a Movable Orifice ANSYS, Inc. Proprietary




3d Bubbly Flow Around Obstacle ‘m‘l

Water Velocity Comparison

« Comparison CFD

CFD & Experiment

Water . Velocity Pl Abs. Velocity
° Absolute water — 2 .000e+00 2 .000e+00 —
velocity distribution
in Symmetry p|ane 1.500e+00 | 1.500e+00
1.000e+00 - . I 1.000e+00
5.000e-01 5.000e-01
—0.000e+00 0.000e+00 —
[m sn-1] [m s~-1]
0.175 (m) ,
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Measured Bubble Size

Distribution for Test Case 074

Movable obstacle air/fwater (DN200) - void fraction distribution for bubble classes; Experiment: 074
0.0 <= dbubxy < 4.8
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-06
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5.8 <= dbubxy < 7.0
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Measured Bubble Size

Distribution for Test Case 074

TOPFLOW movable orifice test case 074

dVF/dDg [mm-1]

« experiment shows formation of larger bubbles behind the obstacle
- smaller accumulated air void fraction in recirculation zone

—> necessary to account for polydisperse bubbly flow !
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Summary & Outiook

« CFD Model development in tight cooperation between
FZ Rossendorf/ ETHZ & ANSYS CFX

« Methodology:
Experiment = Model Development - Validation > Application

» Results of CFX-10 pre-test calculations:
— Geometry independent modeling
— Good qualitative agreement

— Quantitative deviations arise from assumption of monodisperse
bubbly flow - recalculation with inhomog. MUSIG model

— Models applicable to complex design & NRS studies

« Qutlook:
Further CFD model development towards flows with
higher gas content, evaporation & condensation,
bubble size distributions
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TOPFLOW Technical Team ANSYS
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Swiss Federal Institute of Technology Zurich

Forschungszentrum

Institute of Safety
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’ ICEMCFD
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