
Parallel SDC for Navier-Stokes equa!ons
Fully implicit SDC using the monolithic scheme:

The two-dimensional incompressible Navier-Stokes equa!ons are given as follows

ωu
ωt

= →u ·↑u+ ε!u→↑p+ g,

(”)
# = ↑ · u.

For the space discre!za!on, we u!lize the mixed $nite element approach. The matrix form of a weak
formula!on for equa!on (”) can be wri%en as
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The weak form (&) can be rewri%en in matrix-vector form as follows

[M]
du
dt

= →[Cu]u→ [k]u+ [B]p+ [M]g,

(()
” = [BT]u

Thus we have the following semi-discrete Navier-Stokes equa!on rewri%en in a block matrix form



[M] ”

” ”








du
dt

dp
dt



 =




→[Cu]→ [k] →[B]

→[BT] ”








u

p



+




[M]g

#



 . ())

Member of the Helmholtz Associa!on March &, &#&’ Slide (



Parallel SDC for Navier-Stokes equa!ons
Fully implicit SDC using the monolithic scheme:

The presence of a singular mass matrix in the le* hand side — mass matrix [M] ac!ng only on the velocity
component — re+ects the incompressibility constraint inherent in the system. The system can be expressed
more compactly in the form

[ϑ]
dw
dt

= [ϖ]w+ ϱ, (,)

where the state vector w, system matrices [ϑ] and [ϖ], and forcing term ϱ are de$ned as

w =
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→[BT] ”


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(’)
Here, the singular structure of [ϑ], which enforces the divergence-free condi!on on the velocity $eld,
results in a di-eren!al-algebraic system. Nevertheless, we will treat equa!on (,) as an ini!al-value problem
for the purpose of numerical integra!on. Thus, the equa!on (,) can be expressed as

[ϑ]
dw
dt

= f (t,w) . (.)
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Therefore the SDC precondi!oned itera!on for the problem (.) is given by

[ϑ]wk+”
m = [ϑ]w# +!t
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Subs!tu!ng f(ςj,wk
j ) = [ϖ]wk

j + ϱj, the itera!on can be rewri%en as
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