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Overview
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Modelling Alternatives
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Why Use Approximate Methods?
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Perceived LLimitations
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Modelling Approach

»

e divide into a set =
of "component"
geometries

Partition

APPLICATIONS

npl I

* nonlinearities

e time dependencies

* mixed boundary conditions

* property dependence on
temperature

‘

Boundary Conditions Assumptions

_ e apply limiting wcpreserue physical
boundary integrity of the
conditions problem

L/ é /"’J‘LL:(
Combine Component
Solutions

* Churchill & Usagi blending
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Exterior surfaces |

@ fins : top, bottom,
ends & tip

@ base plate: top,
bottom, ends
and back

_¥ -
e

@ fins : side walls
® channel base

Given: dimensions & temperature

Flnd Nug, vs. Ray
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|

@ lower Rayleigh
numbers

@ thick boundary
layers

Boundary layer |

@ higher Rayleigh
numbers
@ thin boundary




| Channel flow

@ Elenbaas model
with adjustment
for end wall

@ combined flow :
developing +
fully developed

Control surfaces |

@ open surfaces
with energy
migration
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Total Composite Solution

Overall Heat Slnk ;

Solution
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Boundary layer
limit

fully-developed %
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H/b Karagiozis Model Van de Pol
& Tierney
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LxWxH (mm)
Karagiozs (1991) 150x170x9.54
Model
Saunders (1936) 76x230x.00254
Model —

1

10' NIRRT R EENTNETT RS R RS EETIT EATETITT RSN S
10° 102 10" 10° 10}%,;02 10° 10* 10° 10°

}'2}'1/2

+{Nu}2 +|Nuz + Nuy

W errnelnrdryesry: DR ra® Moo ¥ B ol ryoe ™ s
AIEAOCICCLIOLLICN LLCA B LA ICE AUV LA LUL




LxWxH (mm)
Chamberlain (1983) 43.2x43.2x432 O
Stretton (1984) 38.1x38.138.1 A
Model
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How Do We Use These Results?

dimensionless dimensionless flow
heat parameter

transfer
coefficient
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Other Examples of Approximate Models

Applications Asymptotic Limits
Heat & Mass Transfer

Boundary layer flow laminar turbulent

Channel flow fully developed flow boundary layer flow
External flow diffusion boundary layer flow
Internal flow fully developed flow developing flow
Enclosures diffusion boundary layer flow
Transient conduction short time steady state
Radiation opaque transparent

Steady conduction at rarefied continuum
nano-scales

Moving Sources stationary fast moving

Elasto-plastic contacts elastic plastic
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Summary
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