WHY THE ‘ROCKET S5C/IENCE’ FOR
SUCH EVERYDAY PRODUCTS?

*PRODUCTS MUST
PERFORM ...2"°P MOMENT
OF TRUTH.

* PERFORMANCE ... IS
OFTEN ABOUT
FUNDAMENTAL SCIENCE
& ENGINEERING
CONTRADICTIONS.
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ENGINEERING CONTRADICTIONS...

MATERIALS ...
°*STRONG BUT SOFT,
°*STRETCH NOT BREAK,
*BREATH BUT CONTAIN,
*BREAK...NOT TEAR.

PACKAGES ...

*CREATIVE DESIGN IS KEY,
°*STRONG BUT LIGHT,

NEVER LEAK...BUT OPEN EASILY.
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MORE CONTRADICTIONS...

FORMULATIONS ...
*PROTECT FABRICS ... BUT REMOVE
STAINS,
*BE COMPACT, BUT USED EASILY.

LIQUIDS ...

*MIXTURES CAN’T SEPARATE,
*MUST DISPENSE EASILY... BUT
STAY WHERE APPLIED.
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THE CLEANING CONTRADICTION...

*‘REMOVE OR MAKE UNNOTICEABLE:
‘SoIL’ , ‘STAINS’ & ‘ODORS’

*LEAVE THE REST

UNALTERED: FIBERS, DYES,
SURFACES, HAIR, SKIN,
PETS

EXCEPT...
‘WHAT IT SMELLS LIKE...’
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SCALE: SELL A BILLION £

WE MAKE BILLIONS OF PRODUCTS A YEAR...

1,000,000,000
100,000,000
10,000,000 AND
1,000,000
SELL
100,000
10,000 THEM
1,000 -
FOR
100
10 - < $10!

O QuaNTITY SOLD/YR

AIRPLANE

B PrRICE PER ITEM

SUBMARINE
JET ENGINE
TRACTOR
DRUGS

CAT SCANNER
DIAPERS

ELECTRONICS
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INNOVATION LEARNING OYCLE

DESIGN IT

l

BUILD IT
CFLY IT — gt
“Learning” y
Loop

*CRASH IT
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Outcomes

» Costs too much:
-One-time-use Equipment
-Testing Infrastructure

» Takes too long:

-Cycles of Prototypes
-Development is Sequential

# Products are
not
innovative:



MODELING & SIMULATION HAS
‘TRANSFORMED’ INDUSTRIES?

1940’s-1970’s
1970’s-1980’s

1980’s-1990’
Defense 980's-1990’s

Aviation

Automotive 1990's-2010+

Consumer
Goods
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A TREND | BET ON...“MOORE’S LAW’

COMPUTING HARDWARE PERFORMANCE
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COMPUTING CosTts $/CPU-HR

RRRRRR

IN 2001...COMPUTING (HARDWARE
ONLY) cosT P&G —~%1.50 PER CPU-HR

IN 2008...P&G COMPUTING COSTS
(HDWR, SUPPORT, FACILITIES...) ARE —
$0.15 PER CORE-HR.

2012 CoMPUTING (HARDWARE ONLY)
PROJECTING TO cosT — $0.01-0.03
PER CORE-HR.



WHAT ARE WE GOING TO
DO WITH ALL THAT
POWER?
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‘CASH IN' MOORE'’S LAW

REPLACE.:
SLOW AND EXPENSIVE

LEARNING OYCLES

WITH:
FASTER, SMALLER

EXPERIMENTS,;, VIRTUAL
MODELS & SIMULATIONS




REPLACE ‘PHYSICAL’ WITH ‘VIRTUAL’?

THE PURSUIT OF

REALISM
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REALISM REQUIRES...

— TACKLING ‘FuLL COMPLEXITY’ PROBLEMS

— SOLVING LARGER EQUATION SETS...

°* (BILLION ELEMENTS, BILLION ATOMS/MOLECULES...ETC.)

— PARAMETRIC STUDIES V5. POINT ESTIMATES

* (STOCHASTIC PARAMETER INPUTS)

— NON-EXPERTS DO ANALYSIS...

°* AUTOMATE FOR PRACTITIONERS, WHAT REQUIRES AN EXPERT
TODAY
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OUrR M&S APPROACH...

WE BUILD AND *FIT
TEST THE FIRST

*WORK
PROTOTYPES...

*MAKE FINANCIAL

‘VIRTUAL’ ONES SENSE

THATIII

.BEFORE
THEY EXIST IN

THE REAL
WORLD.



ATOMS TO THE ENTERPRISE

Product/
Device/
Package

Process
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Examples
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M&S ‘BRANDS’
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FORMULATIONS & GCLEANING

* MICELLIZATION:

CALCIUM EFFECTS, SIzE, CMOC

POLYMER EFFECTS, Size, CAC

* INTERFACIAL EFFECTS.:

CALCIUM EFFECTS
POLYMER EFFECTS
SURFACTANT EFFECTS

HYDRODYNAMIC EFFECTS

e ‘SOl REMOVAL

EMULSIFICATION

SOLUBILIZATION

cylindrical micelles
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Spherical or lamellar (bilayer)

Surfactant at a
clay surface

Computational Y
o527 Chemistry

(B CADMOol

oil-water interfaces



SOLID MECHANICS:

* Rigid Body Kinematics
* Finite Element Analysis
(FEA):

e Implicit

e Explicit

e Linear

e Non-linear

e Massive Contact

e Complex non-metal

Material Models: High Strain
Rates 1/500 Seconds, Elastic-
plastic, Hysterisis: Visco-Elastic,
Visco-Plastic
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BATHROOM FLOOR DROP
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LOTS OF SMALL
PARTS...
...EVERYONE MUST
WORK!
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FLUIDS / THERMAL

 Computational Fluid
Dynamics (CFD):
e Free Surface Flow
e Contained Turbulent Flow
e Multi-Phase Flows

e Creeping & Low Reynold’s
Number Flows

e Non-Newtonian & Visco-
Elastic Material Properties

e Flow in Porous Media
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MAKING A 10° PRINGLES?
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What are the areas of Challenge
& Research?
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MULTI-SCALE CHALLENGES

HIGH PERFORMANCE COMPUTING USING
3 4
10 - 10 PROCESSORS ENABLES:

°* SPATIAL DOMAIN DE-COMPOSITION OF
LARGE COMPLEX PROBLEMS

MULTI-SCALE PROBLEMS ALSO REQUIRE:

°* TEMPORAL DOMAIN COMPRESSION OR
DE-COMPOSITION TO ENABLE LARGE
NUMBERS OF PROCESSORS TO SOLVE.
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MULTI-PHYSICS CHALLENGES

CHEMICAL SYSTEMS MULTI-PHYSICS .
®* CRYSTALLIZATION, AGGLOMERATION, CHEMICAL RX
* REACTOR DESIGNS

STRUCTURE / FLUID COUPLING:
*FREE SURFACE FLOW ON AND THROUGH COMPRESSIBLE
*PARTIALLY SATURATED POROUS MEDIA

FLUDS / STRUCTURE INTERACTION FSI:
*FLEXIBLE FILMS IN FLUIDS E.G. ‘FLAG WAVING’
*SEUEEZING TO DISPENSE FROM BOTTLES
*CONTAINER SLOSHING, BOTTLE DROP
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...How Do weE USE THE POWER!

Defines the
. i ., option space
Analysis Led >‘where’ designs
Discovery work...or don’t work

Predicts ‘why’ designs
“Virtual” work...or don’t work
Trial & Error j

(in systems that don’t exist yet)

Patholo $ Explains ‘why’ existing
5Y products & systems

work...or don’t work
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M&SE WORK PROCESS

What if ?,
Why not ?,

How much?.

1. Solve Equations

Define Problem 2. Build Simulation
Gather Input
Data :
1 Translate Solve Equations
Business Challenge
m . Consumer, Reliabilit
Science question Material Properties, Shape
Geometry etc. o
2. Express Science Decisions
in Equations Display results
For non-expert
understanding Apply & Deploy:
|+ a BP AP -reframe the question
2 2
a” u° AL -guide the choices

-confirm the situation
-stop the project
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THEMES FOR THE FUTURE

° MOORE’S LAW...BUT PARALLEL

° APPLICATION SOFTWARE... THE
CURRENT ‘ISSUE’

°* ‘DEMOCRATIZATION’ OF ANALYSIS

°* BUSINESS VALUE...REPLACING SLOW &
EXPENSIVE LEARNING WITH VIRTUAL

°* COMPUTING SKILLS & COMPUTATIONAL
AWARENESS THE MOST IMPORTANT
TREND FOR PRACTICING ENGINEERS
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