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( Problem SPec'f'cat’on —Au+ 2 = 1 a non-isothermal/ non-Newtonian fluid flow )
We consider the following problems: ox * following the specifications in [6]
. —Av+ ‘7_” = 5 we choose a natural convection test-case
|, @ steady-state Stokes flow with the (known) B v (a flow is induced by heating one wall
solution: u —4cos(4z) i a_w - and gooling another) i |
o = 8 cos(8x) E) z a non-isothermal/ Newtonian fluid flow,
by = —2 cos(2y) ‘ a_u " 6_1; n 6_w -5 equl\;\laler;t tq* dlsreﬂgrdlng the
\ B = S TE)EHER) 9x 9y oz non-Newtonian properties
N
_ |
[ Discretization To obtain the discretized version Function AssembleAu@all { /* stencil coefficients are stored in a dedicated field */
i i ici A, O 0 B,Jru Ths, 1| loop over Au {
Stencil Au@all { /* stencil coefficients are not stored */ 0" 4 0 i » rhs val flow_e = integrateOverXStaggeredEastFace ( u * rho )
s 0, 0] => integrateov'erXStaggeredEastFace (- ) 0 07’ 4 By wl= rhsv Val flow_w = integrateOverXStaggeredWestFace ( u * rho )
‘/ vf_cellwidth_x@[1, ¢, ¢] v Bw T Val diff_e = integrateOverXStaggeredEastFace ( vis ) / vf_cellwidth x@[ ¢, @, @]
[-1, o, @] => 1/ntefgratff")/gdr?:ta@g[geredwestFace C- ) W 6 G ollp hsy || Val diff_w = integrateOverXStaggeredWestFace ( vis ) / vf_cellWidth_x@[-1, ©, o]
vf_cellWidth_x@[©, ©, - . .
[ 2 1, 9] => integrateOverXStaggeredNorthFace ( - ) r\]lgi-iz?fgr?nﬂgiggilu:;eddlsst:ret;zra;éonr%r; Au:[ 1, ©, 0] = -calc_diflow ( flow_e, diff_e ) + max ( , -flow_e )
/ vf_stagCVWidth_y@[?, 1, 0] : gned, staggered g Aus[-1, 0, o] = -calc_diflow ( flow_w, diff w ) + max ( 9.0, floww )
[ o -1, 1 => integrateOverXStaggeredSouthFace ( - )
'/ vf_stagCViWidth_y@[o, o, ©] Val flow_n = integrateOverXStaggeredNorthFace ( v * rho )
[o, o 11=> 1ntegrate0ver?(StaggeredTopFace - ) et e . . . Val flow_s = integrateOverXStaggeredSouthFace ( v * rho ) **
‘/ vf_stagCViWidth_z@[o, ©, 1] Val diff_n = ( integrateOverXStaggeredNorthFace (
[e o, -1] => 1ntegr‘ateOver‘?(Stagger‘edwestBottom (s ) evalAtXStaggeredNorthFace ( vis, "harmonicMean" ) )
/ vf_stagCWWidth_z@[o, @, o] / vf_stagCWWidth_y@[ ¢, ) 1)
L rev e M M Val diff_s = ( integrateOverXStaggeredSouthFace (
evalAtXStaggeredSouthFace ( vis, "harmonicMean” ) )
[ 9, ©, @] => /* negative sum of other entries */ / vf_stagCVWidth_y@[ o, o, 1)
} o et . . - ~
. Au:[ @, > ] = -calc_diflow ( flow_n, diff_n ) + max ( , -flow_n )
Stencil Cu@all { /* dx from xStag to Cell */ Hi . s } . Au:[ ©, -1, 0] = -calc_diflow ( flow_s, diff_s ) + max ( , flow.s )
) ) 1 => -vf_cellWidth_y * vf_cellWidth_z 1 1
> 0, 0] = vf_cellWidth_y * vf_cellWidth_z '“ ol o f o . o . /* other components */
IR ) s s 1}
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[ Solver ‘
@ro,e1 er:,e] @re,1]
* Astandard geometric multigrid is sufficient for (1.
 Afull approximation scheme (FAS) multigrid is required for (2)and{gy .
| color with {
* Inall cases, (colored) Vanka smoothers can be employed N . . r 3 r
(ie + i1+ i2 ) % 2, 1 . .
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solve locally relax {
uelo, ©, 9] => Au@[o, 9, @] * u@[e, @, ©] + Bu@[®, @, 0] * p@[¢, ¢, 0] == rhs_u@[, @, ©]
u@ll, @, 0] => Au@[’, 0, o] * u@l1, @, @] + Bu@[1, @, o] * p@[1, @, 0] == rhs_u@[1, @, ©]
ve[e, o, ¢] => Av@[o, 9, 0] * v@[o, ¢, 0] + Bv@[o, 0, 0] * p@[¢, 0, 9] == rhs_v@[o, ©, 0]
vere, 1, @] => Av@[o, 1, o] * v@[o, 1, 0] + Bv@[o, 1, ©]1 * p@[e, 1, @] == rhs_v@[c, 1, ]
/* similar for w */
Ay 0 0 Bi[Uy] [F
=>Cu *u+Cv*v+Cw*w==rhs 1 1
m 12 =B 0 Ay 0 Bf|U,]|_|FR
0 0 Az Bs||Us F3
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Mapping to code
uApprox@coarser = RestrictionFaceX * u » Preprocessing — apply coloring via duplication S =D = (C1A7{ B1+C;A33 B, +C3A33 B3)
/* other components */ « Set up the (local) LSE 5
. . G = G — (CL A7} Fi+C A3} Fy+C3 A3 F:
«  Preprocessing — unfold nested expressions (CAT Fi+Co A5 Pt Cad3s Fs)
* resu = rhs_u - Au*u - Bu*p « Identify unknowns and reorder equations ~
/* other components */ y. " " a V=51
i + Apply simplifications
rhs_u@coarser = ( RestrictionFaceXInteg * res_u * Check for suitability to apply Schur complement U, = ATI(F, — B,V)
+ Au@coarser * uApprox@coarser to accelerate local solve Ul _ Alll(Fl —BlV)
+ Bu@coarser * pApprox@coarser )  Incorporate (inner) boundaries UZ - AE%(FZ —BZV)
\ /* other components */ » Generate code to write back the results B S erEgs T J
/" Results Solvesiefor the first 100s on 322 cells using
X *  FMG for the first time step + RB GS as smoother for the temperature
Solves 1  for the steady state using v(4,4)-cycles and a RB Vanka smoother + RB Vanka as smoother for u,v,w,p « truncated v((2,5),(2,5)-cycles
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A Evaluation platform: single Intel Xeon E5-2623 v3 socket with 4 cores @3.0 GHz; no optimizati applied; ic (OpenMP) p. ization using 4 threads J
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