Nonlinearity in fluid networks

The role of simulation In handm science

Brian Storey
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Big science: Supercomputing

Tianhe- China
Power ~18 MW
Speedg 33 petaflops
Cores 3 Million +



Deterministic Nonperiodic Flow®

EpwarD N. Lorenz

Massachusetis Institule of Technology
{Manuscript received 18 November 1962, in revized form 7 January 196J)

ABSTRACT

Finite systems of deterministic ordinary nonlinear differential equations may be designed to represent
forced dissipative hydrodynamic flow. Solutions of these equations can be identified with trajectories in
phase space. For those systems with bounded solutions, it is found that nonperiodic solutions are ordinarily
unstable with respect to small modifications, so that slightly differing initial states can evolve into consider-
ably different states. Systems with bounded solutions are shown to possess bounded numerical solutions.

A simple system representing cellular convection is solved numertically, All of the solutions are found
to be unstable, and almost all of them are nonperiodic.

The feasibility of very-long-range weather prediction is examined in the light of these results.
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Supercomputer hardware

PERFORMANCE DEVELOPMENT PROJECTED
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Advances In software matter as much

C code, 1252 lines, 22 pages
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MATLAB code,
110 lines, 2 pages

Still need to write a program to analyze and plot

Analysis and plotting embeddec



Advances In software matter as much

Fromwww.comsol.com
ComsoMultiphysics



http://www.comsol.com/

Non-inearity in fluid networks

w/ Profs. John Geddes & Nathan Karst

Students: JohArakakj Jacqui Baca, Gréglelston
David GardneiseetaGubba Deborah HellenCasey
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ANALYSIS OF FLOW IN NETWORKS OF
CONDUITS OR CONDUCTORS

HArpy Cross
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Networks with 2 component fluids

I Gasliguid flows In process industry

I Liquidliquid miscible fluids (oil industry)
I Liguidvapor flows (refrigeration systems)
I Microvasculablood flow

I Drops and bubbles in microfluidics

I Magma flow in lava tubes



Questions

A How do phases and flows distribute within the
network at equilibrium?

A Are equilibrium states are stable? Are there
oscillations?



Heterogeneity of cells imicrovasculanetworks

A Lsiigle capillaries the flow
may become retarded or
accelerated from no visible
cause; ircapillary
anastomosegloops) the
direction of flow may change
from time to timed @

August Krogh 1922
Nobel Prize in Physiology, 19.
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Our fluid system
water and syrup (or glycerol)

A Stratified by gravity, laminar,
Newtonian, different viscosity

A Very repeatable
A Amenable to modeling

Blue is water
Red is viscous, heavy syrup

gravity



2 simple networks



Simple Networks
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