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Abstract: A self-adaptive Uzawa block relaxation method was designed for Stokes problems under nonlinear
slip boundary conditions. For the variational formulation of the problem, an auxiliary unknown was introduced
to transform the problem into a saddle-point one based on an augmented Lagrangian function, which can be
solved with the Uzawa block relaxation method. To improve the performance of the method, a self-adaptive
rule was proposed with the proper penalty parameter chosen automatically. The main advantage of this method
is that each iterative step consists of a linear problem while the auxiliary unknown can be computed explicitly.
The convergence of the algorithm was analyzed. The numerical results show the feasibility and effectiveness of
the proposed method.
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TE M5 A T B H0 [ 35 DR RCR , BOR TR BRI T 250 p AR R, 350K AT Uzawa SR st58 12: 70 A
18N Uzawa BN E2%F g = 0.8 Fll g = 2 A RIREGEA T R(E TR0, s o 1) 36 A RO ORI CPU aa Ay
4, 500+ FR B AUBOE L 500, FP RS R R, A& R Uzawa B it 5532 o808 B2 K am 17 3 15 1
BT Uzawa HFATBI L IF BB A ST S BORA B R AR 2 TE.
g = 0.8 I PRSIk )ik UKL
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Table 1  The number of iterations for each method with g = 0.8

R[] WLA 1~

TLUBRM NsuBrM
1072 500+ 500+ 500+ 500+ 34 43 45 47
107 500+ 500+ 500+ 500+ 31 40 42 43
1 111 174 163 167 26 35 38 40
10 61 69 61 59 31 38 41 43
10? 89 95 96 97 34 45 45 47
10° 500+ 500+ 500+ 500+ 40 46 49 51
104 500+ 500+ 500+ 500+ 44 50 52 54
10° 500+ 500+ 500+ 500+ 47 53 56 58
R2 g = 0.8 EMFFLR CPU iEtTHE
Table 2 The CPU time for each method with g = 0.8
Lurm /'8 Isuprm /'
1072 >31.097 >118.515 >119.38 >584.378 2.01 11.026 28.519 55.209
107! >27.452 >117.683 >123.462 >595.792 2.002 9.901 25.861 50.668
1 6.22 41.603 98.553 193.098 1.634 8.662 24.434 46.631
10 3.507 16.763 36.715 69.25 2.171 9.309 25.671 49.42
102 5.542 23.996 61.305 112.16 2.416 11.624 27.611 55.704
10° >27.845 >118.358 >121.235 >573.482 2.378 11.21 30.491 58.64
10* >30.902 >135.307 >120.341 >607.53 2.871 12.45 30.052 62.792
10° >31.388 >123.494 >119.899 >579.134 3.011 13.143 33.366 68.783
K3 g = 2 WPRE LR EL
Table 3 The number of iterations for each method with g = 2
T'UBRM T'SUBRM
’ h=as b= h=go  h=ge h=as h=oo h=oo h= oo
1072 500+ 500+ 500+ 500+ 52 55 56 57
107 500+ 500+ 500+ 500+ 49 51 53 53
1 500+ 500+ 500+ 500+ 45 48 49 50
10 500+ 500+ 500+ 500+ 43 45 46 46
102 141 500+ 500+ 500+ 48 50 51 52
10° 181 292 286 369 51 53 54 55
10* 500+ 500+ 500+ 500+ 55 57 58 58
10° 500+ 500+ 500+ 500+ 59 61 61 62
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R4 g = 2WWFELR CPU BT[]
Table 4 The CPU time for each method with g = 2
Lypry /'S Lsupry /'S
P 1 1 1 1 1 1 1 1
= = = = h o= — h=— ho=— h=_—
10 20 30 40 10 20 30 40
1072 >24.937 >105.332 >275.161 >503.184 2.711 12.067 30.32 58.841
107! >24.747 >105.719 >275.939 >502.372 2.612 11.368 28.549 57.238
1 >25.304 >105.05 >275.403 >504.571 2.377 10.597 26.709 52.134
10 >25.223 >105.269 >267.194 >506.198 2.256 10.288 24.893 48.184
10? 7.203 >106.51 >270.95 >506.609 2.525 10.887 27.839 61.552
10° 9.063 63.449 152.343 369.783 2.646 11.604 29.15 64.981
10* >24.906 >110.552 >267.787 >534.091 2.859 12.42 31.236 69.143
10° >25.025 >107.299 >265.87 >540.688 3.104 13.209 33.315 73.063
:,: N
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