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Today’s Agenda

Simulation: Why and What?

Looking into the Future
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Simulation helped land Curiosity in Mars

Entry Conditions & Meso-Scale Digital Elevation Map
Approach Navigation Atmosphere Model (USGS)
(JPL) (SwRI, OSU)
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Figure 1. MSL EDL POST?2 simulation modeling.

Source: Jody L. Davis, etal. AAS 13-313 (http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov)
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Simulation

Discipline Application
I Weather
MU B Define scale and system Forecast

Monte Carlo

Stochastic Automobile
Finite Element Design
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Cellular Automata

Finite Difference Chem'c.al
Processing
Etc.
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Process Engineering
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Factory Scale

Energy Input

Finished and

Raw Material by-products
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Process Scale

Raw Material D
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Piece Scale

54% corn meal, 31%
oil, 14% water, 1% salt

64% corn meal, 33% oil,
2% water, 1.3% salt

Energy Input




Micro scale

54% corn meal, 31%
oil, 14% water, 1% salt

Compounds A+B

. 64% corn meal, 33%
N oil, 2% water, 1.3% salt

Compound C
Energy Input
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FOor an engineer...

= Confirm view
of reality

Faster

Cheaper

Better

Do the
“impossible”
experiment
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Case Study | - Process Research

Flow in Porous Media

Source: homehealthdelivery.com Diapers

Source: www.ems.psu.edu Oil Reservoir

micro CT-scan

Source: videojug.com
French Fries



Frying

Preparation Dehydration




Research Background

= Motivation
 Health and wellness
« Sensory impact

= Simulation to link process with product
characteristics



Physics of Frying French Fries

Goal: simulate heat/mass transfer and oil absorption/drainage

During Frying

Heat Transfer

Mass Transfer

Heat Transfer

After Frying

Mass Transfer

« Qil
Absorption

/

Oil

Drainage



Micro CT Scan of French Fries

‘ 3D Structure

Pore Size Distribution
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Validation of Temperature Prediction

Locations of Temperature
Measurements

Surface probe location

Crust probe
location
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Good agreement between experimental THERMAL data and simulation




Validation of Oil Drainage Predictions
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Good agreement between experimental DRAINAGE data and simulation



Impact of Frying Temperature
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Case Study | summary

= Gain insight on french fries processing

 Frying temperature can impact oil content
« Small window of opportunity after frying

= Can transliate model to other food products



Apply Model




Oil inlet,

> > >

\\ Oil manifold \
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Simulate this:

e Scale: Process scale simulation

e System: pipes and manifold
* Goal: Uniform flow

chips
oil



Where do we start?
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Iteration No. 1

Velocity
Vector 1

ﬂ 2.108e+000

1.581e+000
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Velocity
Vector 1

@y 3.000e+000

2.250e+000

1.500e+000

7.500e-001

i 0.000e+000
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Impact

Trial and Error | With
(Estimate) Simulation

Prototype and USS 50K x 10 = US S50K x 2=
Testing Cost USS 500K USS 100K

Direct Benefit

Cost Savings =
USS 400K

Time Savings =
10 months

Prototypeand 5weeksx10= 5 weeksx 2=
Testing Time 1 year 2 month

For illustration purpose, not actual investment

Indirect Benefit

= Better solution
= Confidence with management and business partners

= Faster to market



Case Study lll - Fundamental Research

1986




Experimental Approach

Prolate Oblate

Source: C. Koh, Experimental and Theoretical Studies on Two-Phase Flows, Ph.D. Thesis, Caltech, 1991



Simulation Approach

Fluid Mechanics Model
0=-Vp, + V4,

0=-Vp, + VU,

u, >0 as x| >

U; =U, atinterface

3(1+ 2
An-Ty—An-T, =—CLV-n-nz(1—/21’1) at interface
+

Boundary Integral Technique
(implemented numerically )

Source: C. Koh, Experimental and Theoretical Studies on Two-Phase Flows, Ph.D. Thesis, Caltech, 1991



Impact

Thank
goodness for
Simulation
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Looking into the Future



Future

Discipline

Meteorology

Monte Carlo
- Stochastic

N

Finite Element
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Cellular Automata
Finite Difference

Etc.

Application

Weather
Forecast

é.

Reality

Automobile
Design

Chemical
Processing

Product

Optimization

0

Pollution
Study
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and fina“yn. GLoB AL

Y
Start with what you know

4 )
Just because you can, doesn't mean you should
Assumptions...make them, but beware
Quality in, quality out
It’s “virtual reality,” so don't forget the reality

J

THANK YOU!




