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Time Discretization
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® Time Discretization: a process of converting the confinuous time
derivative into-a discrete time derivative

solve discrete space-time equation numerically

essence of computational heat transfer
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time level n, n-1 and to be defined level, g

time discretization
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@ Convert the vectorized conservation equation to discrete time derivative

—> define discrete time levels-are denoted-using superscripts (n)————
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® \We can define the discrete value of A7 to be any value we wish:
> defineAr - « thatis-evaluate the above eguation by setting-the time-
spacing to infinity

> this has the effect of moving from the inital f

—>—tinrotherwords—
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— FEvaluating Equation at Infinite At

® Substituting the equations for the A and {1
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- ___must invert numerically
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- ResdvalForm

® Residual Form: a variation of the basic vectorized energy equation

—  where the form of the equationis rewritten to—

accommodate an energy imbalance

) p——G—

® Solutionresidual @: avector which represents the energy imbalance in
each of the linear equations

- units of energy rate (Watts)

- direct measure of convergence
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with respect to target unknown
> energy residual used to generate small adjustments in the
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® Two basic components

D prncnnf itaratinn ctata
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> relaxation term

> W can be greater or less than 1
> w =1 then method reverts to Gauss Seidel Iteration

tranS|entS
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S = VT

Apply the restructured form of the equations and

aenarate the recidiial vector
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® Apply residual vector to GN method

\/ J CALU C/ U

2T3-4Ty+2Tg equation

0
= AAlA a - [1()
- VTV w0

-6 Tg+2Tg+2Tg+2Tpg

ote partial derivative
onstan he diagonals o

o

2T6+2T9— 6T10+2T13 (pi(T)
<n-1>
; w

! 9 (T)
2Tg-4Tqp+2Tqg T

General Residual Equation i: 7" =T

2T13- 4T +2Tqs >
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<2-TB -6T,+2Tg+ 2-T6>
0(2Tg-6Tp+2T3+2Tg)
0T 5

General Residual Equation 2: T, =7,"""" _ o

<n-1>

w ( <n-1>

<n-1>

w
T, " =(1-0) T, +€-<2-TB+2-T3+2-T6>

— ; . <n> /
for w=1 we get the expression: T, (2Tg+2T3+2Tg)

[
(2Tp-6Tg+ 2Ty 2T7)
(
02T9-6Tg+2Ty+ 2-T7>
0T 3

General Residual Equation 3: T4 =T5"" " — g

n-1>

<n>_ < w /
Tg =(1-w)Tj +E-\2-T2+2-T4+ 2T

for w=1 we get the expression: 75" ==(2.Ty + 2:T 4+ 2:T)
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'I o oction of theinitial

> SE[ all values of T=0
> ndary CV-1

-

efine

———tesiduatautomatically satisfied—— =

(@}
— 1

® |terate Solution: use the most recent values of the provisional

- determined valuesof /. . /. . / sincethese shouldbe
known
> continue the iteration until the stopping criterion IS meet (discussed
halpw)
| WA LAWATA
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pass of all 14 equations:

- A0l = - — | |

the set of 14 equations
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w=1.0 (unity relaxation)

CTA Course Notes

Lecture 5, Part A, Drafted March 30, 2001

w = 1.7 (over relaxed near optimal)

Steady state solution residual tracked
at the CVs shaded as shown

w = 1.95 (over relaxed beyond optimal)

Iteration count




Note that we are observing
the solution residual and not
the temperature. The

residual is a measure of
numerical energy imbalance
In the steady state solution.
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Dean S Schrage
Note that we are observing the solution residual and not the temperature.  The residual is a measure of numerical energy imbalance in the steady state solution.


Note the propagation of the
solution residual as it moves
through the solution domain.
Residuals diffuse in a manner
similar to energy.

Note how the residual appears to
rebound off the wall in this corner
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Note the propagation of the solution residual as it moves through the solution domain.  Residuals diffuse in a manner similar to energy. 

Dean S Schrage
Note how the residual appears to rebound off the wall in this corner
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Error Norm

K

SOR

. B3+

| . 81+
. BA 34

. BB 1+

. AR 34

. A8A 14
ARAA3
. AAAA 1
. HAAAA 3+
. AAAAA 1
. HAAAAA 3

. 888990 1 : : :
B 25 125 158

" lteration

Effect of relaxation factor on steady state
residual norms using relaxation solution method
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fewer iterations

> forlinear systems @,
~ran bhoa lewar Aar Pl 2 er
= canpe10Wert 0Ot LJ
> solution progress can be retarded when w is outside of optimal as
shown

lenle there is somle allmllty m[ |o||ed|c|t ; [ID' S"”:DIE 'D'Dlhl.emsl L
systems
> select and apply a value of

———>measure the maximum-and sum-total residualafter N vo.c

— > selectw which gives fastest drop-off rate inthe residual————————
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UNDER-RELAXATION VERSUS OVER-RELAXATION ="

® Solution stability can be compromised by over-relaxation w > 1:
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~ Assessing the Degree of Steady State

We could theoretically iterate the residual equations indefinitely and still
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® Residual Survey: terminate when either sum or absolute maximum of

——————————————————————————pisiess thana user-aefineatoierance—————————

b (. thnn sto

Maximum and Sum residual surveys

w = 1.0 (unity relaxation)

8a
iteration number (q)
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equals the heat flow removed from all boundary CV

Enerqgy-Survey:—terminatewi

~® Must survey all boundary
(GAVA

>—may pe more thanfu

Iharimaar s
JOUUl |ua|y

> must also include
advection term with flow

= 1.0 (unity relaxation)
w = 1.7 (over relaxed near optimal)

w =195 (over relaxed beyond optimal)

bounda -1 is oscillato
but should tend naturally fo a iteration number (q)

aWa NN \A N Global Source
VAU U VAVARA MO C 100 W
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Note the cross over point. This indicates the
model is in local balance but only momentarily.

Observe the artificial 2nd order response.
This is discussed below.
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Note the cross over point.  This indicates the model is in local balance but only momentarily.  Observe the artificial 2nd order response.  This is discussed below.
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® Hybrid Method: use a combination of the 2 residual surveys to

—  establishasiopping criterion andthenapplyan——
——  ______ __energysurveyasafinatcheck
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