Moving Beyond Prediction to Control

Free Surface, Turbulence, and Magnetohydrodynamics:
| nteractions and effects on
flow control and interfacial transport
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Liguid Wall Researchers are Advancing the
Understanding of Interacting Multi-Scale
Phenomena at the Frontiers of Fluid Dynamics
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Fusion LW Researchers are Contributing to the Resolution

of GRAND CHALLENGES in Fluid Dynamics
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eTurbulence-MHD interactions

*MHD effects on mean flow and
surface stability

| nfluence of turbulence and
surface waves on interfacial
transport and surface renewal

Teraflop Computer
Simulation

Liquid Walls:
many interacting )
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CHALLENGE: FREE SURFACE FLOW

“Open Channel Flows

Theterm free surface is often used for any

are Izssentialkto the_t” gas/void to liquid interface, but denotes an
WORE DRPNERIIONN - - interface between aliquid and a second
Munson, Young, : ; ,
Okiishi kS Pl medium that is unable to support an applied

pressure gradient or shear stress.
Free surface flow forms:

fills, ropl @siete bubbles: ° Formation of surface waves, a distinguishing

etc. Fluid regions can feature (for LW - Fr > 1, supercritical flow)
coalesce, break up, and

ik 4 DOORMIRN Interfacia_l flows are_difficult to _quel -

0 computational domain changes in time

0 making application of BCsdifficult
® e Interfacial tension effects make eguations

0 “stiff”- differing time scales for surface
O wave celerity compared to liquid velocity

@]

O Watermark - Shear layer instability

at water surface - CalTech Data



Numerically tracking moving interfaces is
an ongoing challenge in CFD -

Still NO IDEAL Interface Tracking Method

Volume-of-Fluid (VOF)Z The method is based on the concept of advection of a

fluid volumefraction,j . It isthen possibleto locate surfaces, as well as deter mine surface
slopesand surface curvaturesfrom the VOF data.

L evel-Set M ethod: The method involvesadvecting a continuous scalar variable. An

interface can thus be represented by a levelset-of the scalar variable. Thisis a different
approach from VOF wher e the discontinuity r epresents the interface.

OTHERS:
L agrangian Grid Methods

Surface Height Method Watermark - milk drop splash simulation
Marker-and-Cell (MAC) Method using VOF- Kunugi, Kyoto Univ.



CHALLENGE: TURBULENCE

Center for Computations Science and Engineering
(LBNL). LES simulation of instability in a
submerged plane jet.

Horace L amb, British physicist:

“l am an old man now, and when | die and
go to heaven there are two matters on
which | hope for enlightenment. One is
guantum electrodynamics, and the other is
the turbulent motion of fluids. And about
the former | am rather optimistic.”

In Turbulent Motion the “various flow
guantities exhibit random spatial and
temporal variations’ where “ statistically
distinct average values can be discerned.”
- Hinze

*Turbulenceistherule, not the exception,
In most practical flows. Turbulenceisnot
an unfortunate phenomena. Enhancing
turbulenceis often the goal.

VVastly different length and time scales
make equations stiff - requiring large
number of computational cycles. High
resolution required to captureall length
scales and geometrical complexities.



Level of description

A

Teraflop Computers

Averaged Models:

Some or Al
fluctuation scales
are modeled in an
average sense

SUpEr-COMPULESS mmm Teraflop COMPULING sy

are Making TURBULENCE Accessible

Turbulence Structure Simulated

Approach
DNS

Level of description

Gives all information

length ratio: I/h~Re, 34
grid number: N»(3Re,)%*
For Re, =

DNS

10%, N»101°

Computational challenge
High.
Simple geometry, Low Re

LES

Resolves large scales.
Small scales are averaged

Moderate to high

RANS

Mean-flow level

Low to moderate.
Complex geometry possible

BION=10T $02

Computational Challenge



Turbulence / free surface interaction produces new
phenomena - anisotropic near-surface turbulence
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e ,. dominated by the
) ' S T o f generat_ion of wall e_jections,

@ . - formation of spanwise
¢ 1 . = e

: PNy \‘ Viine upsurging vortices™ =

Ey :“ CR0) erections 003y ’m = . ; A AT

< stroamwize 00 D |=o°Upsurging vorticesreach

o0 siriace on, %&‘_ o axygen bustio free surfa_tce, form surface

g *%EQ e defor mation patches, roll

R back inform of spanwise

I\a%_w /L*~5ﬂ # c_llovx__/_n__s_/vinging vortices’,

- on _with'inflow into the bulk.

Conceptual illustration of experimental observation of burst-interface _;_.The E eC.tlon § Ir.lﬂow events

interactions - From Rashidi, Physics of Fluids, No.9, November 1997. ar e assoclated with the

WP, 2o < deformation of thefree
surface and a redistribution
of near surface vorticity and

S velocity fields.
Watermark - Vortex structure and free surface
deformation (DNS calculation) :



CHALLENGE: MAGNETOHYDRODYNAMICS
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Free surface flow velocity jets produced from
MHD interaction - UCLA calculation

«Complex non-linear interactions between
fluid dynamics and electr odynamics

ePowerful mechanism to “influence” fluids

«Strong drag effects, thin active boundary
layers, large (possibly rever sed) velocity
jetsarecharacteristic MHD phenomena

oL argecurrentswith joule dissipation and
even self-sustaining dynamo effects add to
computational complexity

Computational ChallengeLi flow in a chute
in atransversefield with: b=0.1 m (half-
width); Bo=12T (field)

b

S - — -6
Ha= Bob rT » 100,000 dHa = H—a = lO m

(b/d,)? = 10°

Each cross-section requires
MANY uniform grids, or special

non-uniform meshes.




MHD interactions can change the nature of
turbulence - providing a lever of CONTROL

e

Flow direction

Experimental control of flow separation by a
magnetic field:

fully developed von Karman vortex street without
a magnetic field (upper)

with a magnetic field (right)

*Applied Lorentz forces act mainly in the
fluid regions near the walls where they can
prevent flow separation or reduce friction
drag by changing the flow structure.

*Because heat and mass transfer rely
strongly on the flow structure, they canin
turn be controlled in such fashion.

From Dresden University of Technology ':





