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Overview

« Active Simulation Control
« Model Revisions/Enhancements
« New capabilities

 Solver efficiency improvements
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Active Simulation Control

» Controlling simulation using history probes.

« Already in version 11.0:
v' simulation termination

v’ cooling channels
« NEW: —

v" all time-dependent objects t/»/t;

- GMO movement, mesh BC, etc.
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Probe-controlled Events

probe - condition | objject # event
. | |

" solution, variabfe, F action b
critical value, @¥
relationship: b=, #

delay (optional

Activation is desired during simulation, when certain flow v
conditions are reached:

- raise a flood gate at a certain water level

- turn on/off a pump

- change output frequency based on flow speed
Object behavior is defined for before and after the event. t

event
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Active Simulation Control: Possibilities

probes conditions actions
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Active Simulation Control

« Simulation termination (in version 11.0)

« Cooling channel (in version 11.0)

« GMO components

« Mesh boundary conditions

« Mass and mass/momentum sources

« Valves and vents

« Edit intervals for data output
(restart/selected/history)
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Example: Mixer

filler pipe

ﬂ impeller

probe moving
with filler pipe

1. Initial behavior.

filler pipe moves upward
fluid is discharged at a mass source

2. Probe-controlled behavior.

condition: Zp

>0.95m

robe

actions:

filler pipe stops

flow stops

impeller moves down with 0.25 s delay
impeller downward motion stops

after 0.25 s impeller starts rotating
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1 1. Initial behavior.
______ - Y |

- filler pipe moves upward
- fluid is discharged at a mass source

2. Probe-controlled behavior.

condition: ZP b > 0.95 m

actions:

- filler pipe stops

- flow stops

- impeller moves down with 0.25 s delay
- impeller downward motion stops

- after 0.25 s impeller starts rotating
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Active Simulation Control: Summary

« Mimics real world controls
« Adds flexibility to managing simulations.
« Supports time-dependent data from external files.

« Can use any solution variable recorded by probe to create
events.

« Events and actions are logged in the solver output files
(HD3OUT, HD3MSG).

« Can be used at design stages, when the real timing of the
process is not known.
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Model Revisions

« Sampling volumes: general shapes, more output
« Cavitation: more physics

« Particles: major rewrite
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Sampling Volumes sesvesie cnomesms.
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~ Sampling Volumes
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MName

« Newin1l.1:

— defined as special type of

v Subvolumes

MName
Min/Max
Transformations
Limiters

components.

« STL files, transformations
« visualization in GUI and FlowSight®

-~ computed quantities mimic general data output:
« volume, mass, energy
« min/max temperature
« scalars and particles, etc.

v Sampling volume 1: Spherica

v [¥] Subvolume 1: Spher
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Cavitation Model

Introduce a transportable scalar C_,,

to track cavitation gas:

D Ccav —C C
Dt = LPTO0g4yction — U dissipation

Eiurp 2P
Cproduction = Ce ;r plpv\/[ LA ] (1 - feav)

E 2P — Pcav
Cdissipati,, = C, t;rb plz\/[——] f cav

3 P

« coupled to fluid pressure and void f
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Cavitation in a Venturi

« Wider range of use:
— hydraulics
— thermal inkjets
— casting
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Hydraulic BC: Rating Curve

« Relates flow rate (discharge) to
water level from time-averaged

measurements
« Can be used at both inlets and
fluid elevation
OutletS: 16 ——

Johnson Crewk at Sycamare (map number 30)
= Rating curve
Annual peak stream level by water years

inlet: prescribed flow rate,
outlet: hydrostatic pressure.

E Map numbar refers to tabla 1 ~
« Can be used with sediment
transport model. i

O 190162 fearly period) ’ o0
O 19634 (middle period) r_‘o (%
19852006 (later period] o o
-0
Q

PUBS.USGS.GOV; 2009

3} |
200 300 ] s | flow rate

2000
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Hydraulic BC: ‘Natural Inlet’

Discharge is known, but water elevation
IS not:

« Elevation is calculated from
downstream flow conditions.

« Designed for inlets

« Optional constraints:
- min/max fluid elevation,
- subcritical flow,
- supercritical flow.
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Flow Through a Section of a River

fluid elevation, upstream fluid elevation, downstream
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Interface to GIS™* Raster Datq -

*Geographic Information System A
-

« Common data format from satellite
surveys of the Earth’s surface.

« Simple, portable.

« Topology for geometry definition.

« Land cover for surface roughness.

B Aariculture

[] Bare ground B Fine

B vater B shadow

B Ceciduous [] Urban/Developed

- E_eciduous.l‘

ine mixed

resources. HI'CgI’S. com
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Raster Data Interface

1. Read topography raster data file
- fill missing values with a constant plateau.

2. Read land cover raster data file
- convert to FLOW-3D roughness using a
legend file.

11,
1
1,
2,
25,
24,
a1,

41,
42,

Code value

INLCD Land Cover Classification Legend

I 11 Open Water

[ 112 Perennial Ice/ Snow

[ 121 Developed, Open Space

[ ] 22 Developed, Low Intensity
I 23 Developed, Medium Intensity
I 24 Developed, High Intensity
[131 Barren Land (Rock/Sand/Clay)

_- 41 Deciduous Forest

Open water

Perennial Ice/snow
Developed, Open space
Developed, Low Intensity
Developed, Medium Intensity
Developed, High Intensity
Barren Land (Rock/Sand/Clay)
Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub
Grassland/Herbaceous
Sedge/Herbaceous

Lichens

Moss

Pasture/Hay

Cultivated Crops

Woody Wetlands

Emergent Herbaceous Wetlands

FLOW-3D Roughness value (SI units)

| e e e w0
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Other Developments

« Sponge layer components for surface wave damping:

— progressive, directional damping.

« New empirical model options for bedload sediment transport:

— Meyer-Peter, 1948 (fine gravel, low shear)
— Van Rijn, 1984 (sand, low, high shear)
— Nielsen, 1992 (low, high shear)

Sponge ]3)76’1' COIHPOI]GIH‘

"o

Wave
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Mooring Lines
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Mooring Line Model

« Extension of the springs/ropes model

« Full 3D dynamics:
« gravity and buoyancy
« tension
o fluid drag
« deep sea currents
« partially submerged lines
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Anchored Boat

Time = 14.01

X X
Velocity

EEES——— .
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Ship Launch

Catenary Restraint on Araho Ship Launch Example

(shaded / transparent purple hull represents hull without catenary restaint)
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I\/Ioore Floating Platform

Maximum Tension Force
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Estimated Remaining Simulation Time

Based on:

finish time;
fill fraction;
solidified fraction.

El_tiEE

00 :
00 :
00 :
00 :
00 :
00 :
00 :
-
01:

performance
FPE clk time
TO 17:14:31
100 17:24:31
100 17:32:32
949 17:41:13
100 17:49:17
100 17:58:25
89 18:07:55
100 8:15:52
100 8 a8
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Efficiency Improvements

« Fluid-structure-interaction (FSl) solver:
— improved efficiency for SMP parallelization,
— increased stability and efficiency of partial coupling,
— FE mesh generation in cylindrical coordinates.

 Particle model:
— SMP parallelization
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GMRES Pressure Solver

Up to two-fold speedup due to optimization of
vector-matrix operations

.3 min cells

120

100
80
m CURRENT in 11.0
60
NEW
40 |
20% increase in memory usage
0

ITGMRES=1 ITGMRES=2 ITGMRES=5 ITGMRES=10

Elapsed Time (%)
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Final Remarks

« Version 11.1/Cast 4.1 release: November 2015.
« FLOW-3D/MP

— release at the same time as version 11.1.
« Removing support for single precision solver version.

« No change to Intel® FORTRAN compiler, still use
version 13.1.

« Upgrading to Intel® MPI 5.0.
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Thank you!




