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ADI

@ ADI. Alternafing Direction Implicit solufion methods describe an

— approximate splitting of the heat flow into the X, Y Z directions—

® Several ADI schemes have been developed over the years:
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e Splitting Method: an ideal method to become familiar with the concepts

- highlightedabove ————————————

> however, limited to systems with narrow conductance band
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seneric Method Setup
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cretlz the discretized energy transport equation using Implicit time

e Note that integrated heat flux operator 0Q works on X, Y, Z directions
> convert the equations to the standard matrix equation
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> advance ¢, U, V towards solution of ¢™
> note the source vector b can also be a function of the ADI sub-states
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=— LU -decompositiono

> very efficient in terms of speed and storage
> refer to most numerical analysis texts for algorithm design
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Code for Thomas Algorithm
two subroutines
minimal line length

F1 Help F2 Cancel F5 Edit

F2 Cancel F5 Edit F? Solve ~ GCommands = Sheets ; Window switch
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@ Derive 3 orthogonal sweep equations by splitiing the heat flow and

——assoclated capacitance term-ineach direction ————————————

- often erroneously neglected
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> each coefficient (p, q, r, b) is unique to the CV-i number and the sweep
direction n

L1\

- ___point to sweep variable v/
———that Is, soive for vector V- which is the temperature at a fractional
time level (e.g. n - 1/3 for splitting)
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Apply the splittmog method-to solve

> solve to steably state
> compare to SOR

e - H-E i S L L- - Simple 2D plate discretization, 1 cmx 1 cm CV
size, Aluminum, k = 225 W/m K
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> basic WU (work unit) is fixed by the code design and discretization

— > however ADIwillgenerally stilloutpace SOR—
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® Each sweep propagates the respective boundary information inward
> pasically each sweep is an exact solution to a 1D problem

direction
-~ 1 uti i " I

> |eads to a banding effect
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sweep equation

—>—exacerpatedpyfarge timesteps

> exacerbated by large variations in conductance

Analysis of a copper backed circuit board with coupling through
discrete pins to the cold boundary condition

************** ADI Splitting
<—— Note the banding effect caused by
splitting the equations in each direction
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Note the banding effect is reduced as indicated
by the smaller oscillation between the ADI sub
states U and V. But by using a smaller time

step, the ADI solution efficiency has been
decreased.
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Zin 
Note the banding effect is reduced as indicated by the smaller oscillation between the ADI sub states U and V.  But by using a smaller time step, the ADI solution efficiency has been decreased.
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Brian Method Setup - Mitigates Banding

v-v-v b

® Derive 3 orthogonal sweep equations:
uti | ; AL
— > note the orthogonal heat fow components

> note the Iargpr number of terms

" . i
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nthe ADIEBrian implementation._the tri=diagonal—ve

much the same way as ADI-Splitting

——>—nowever,the-souree-vector o ismore costiytocompte ——————————

> vector b, must be updated at each time step

Analysis of a copper backed circuit board with coupling through

discrete pins to the cold boundary condition

I a

ADI Brian ADI Splitting

<~ Note the banding effect caused by

splitting the equations in each direction

Banding can only be suppressed by using small time step in the splitting scheme. Thus,

while splitting is more computationally efficient, the banding effect requires more
operations to simulate the process to steady state. For this reason, the Brian method (or
other) is recommended for the ADI solution kernel.
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The ADI-Brian method reduces the
difference between each of the sweeps.
There is some initial oscillations at the start

of the transient simulation as shown below.
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The ADI-Brian method reduces the difference between each of the sweeps.  There is some initial oscillations at the start of the transient simulation as shown below.
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e ADI methods are generally not associated with steady state solvers as they

——must progress-through a transient e

=50 secdnds |
> progress through a distorted

ansient solutior
® Achieve the steag ate re A

nominally 20 sweeps
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