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ABSTRACT: The divergence-free finite elements introduced in this paper are derived from Hermite functions, which interpolate stream functions.
Velocity bases are derived from the curl of the Hermite functions. These velocity basis functions constitute a solenoidal function space, and the
gradient of the Hermite functions constitute an irrotational function space. The incompressible Navier-Stokes equation is orthogonally decomposed
into its solenoidal and irrotational parts, and the decoupled Navier-Stokes equations are then projected onto their corresponding spaces to form
appropriate variational formulations. The degrees of the Hermite functions we introduce in this paper are bi-cubis, quartic, and quintic. To verify
the accuracy and convergence of the present method, three well-known benchmark problems are chosen. These are lid-driven cavity flow, flow over
a backward facing step, and buoyancy-driven flow within a square enclosure. The numerical results show good agreement with the previously

published results in all cases.
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Table 1 Vorticity along vertical centerline

w(0.5, y)

y 3416 Sud4 SEA4 Botella( 1:39119(%) Peyret

1.0 -16.346  -14.747  -14.667 -14.753
096875 -8.8991 94880 -9.4432 -9.4950
095313  -51966  -4.8554 -4.8002 -4.8575
0.73438 20950  -2.0913 -2.0900 -2.0912

0.5 20711 20676 -2.0658 -2.0672
028125 22788  -2.2676  -2.2692 -2.2677
010156  1.6351 1.6356  1.6323 1.6344
0.06250  2.2761 23156 23027 2.3179

Table 2 Vorticity along horizontal centerline
w(0.5, y)
X
3416  SM24  S54%4 1]35;:321333)

0.07031  1.5153 15002 1.4989 1.5031
0.09375  0.7780 08246  0.8262 0.8240
022656  -2.0054  -2.0019 -1.9941 -2.0017

05 20711 20676  -2.0658 -2.0672
085938  -34317  -34372  -34239 -3.4302
094531 64949 65294 64433 6.5087
096094 82637 82563  8.1700 8.2462
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Fig. 1 Vorticity contours at Re=1000: (a) S3416, (b) S4424, (c)
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Fig. 2 Vorticity contours at Re—3200 (a) S3416, (b) S4424, (c)
S5424
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Fig. 3 Streamlines by 120 x 16 elements: (a) 83416, (b) S4424,

(c) Sb424.
(a) S3416
° - Y\ WSS \ g | '\ “‘
"f‘ | [ )] s | | \ <\
(b) 54424
o ' ' T T
L 1,1 WA= [ {
(c) S5424

Fig. 4 Pressure contours by 120 x 16 elements: (a) S3416, (b)
54424, (c) S5424.
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w3 A o] AR B8 Benchmark Aol 2 B2
3t USS & & Uk

4.3 MAILE S5 Lie| F2 {=(Buoyancy-driven flow within
a square cavity)

AR AAE TR e A e 2o A4 &4
o= &= F Utk HIG o
7V*‘5‘H7— Ao, 25 ztold wE Y
A% W3} X—}E}E‘ 459 zlojle= 2% Wl s
sttt 8 4 3lem, ©]& Boussinesque A} STt uh
g A diF Ho]' Aol Me EF5F G4 25 °©
ol oJste] MZ AAERITE FakdstE AHA
21 Shu and Wee(2002)5 323131, o)< W

=g

EIIO oEE, —[E
oxl i

A



A
0
(%gg) = —(v,u+ Vu)—Pr(vu, vVu)
—PrRa(v - _&7 7) (29)
(4,57 = ~(gu VD) = (Va.V T+ (¢ Q) (29)

fi

A7V Pr= v/aE Prandtl 5011, Ra= gB8A T W3/ (va)
Rayleigh F7o]l™ BE5F Faledstd MgEolth & ve 534
AT, ae k/pe, 2 BolEe ST AT, s A I9%
A, ATE 1 23 A = rlole] &% zjo], a8l W
= 54 4do]o|ti(Christon et al., 2002). ¢ HE2E52 ojv] A

i

l‘

g5 849 7|44 (Basis function)ES ©]83t] & JIE
52 9450 HEHAAY HHE 24 AHPAAS 75
A "ok o] FA= Ra 7F S7Hel whet H843 B EAdel

EAE of718l7] Wie] Be A7AEY] #Alolrh

Fig. 591 Ra=106°] ta+ S34169] %] ARES §4, 2%
2 olxo] i3t SaAEZ UERYOH, Table 49E De
Vahl Davis(1983)¢] 3¢} &A|e] Fiil 4ol o3t 3fj <)o
HIWE 981, Upa, Umaxs 25 BHHAXAEY Nsselt &
(Nul,_, ) @ B Nsselt (Nu)E 212+2] Ra ol o3k
e BIDE fi5le] B5F 32x32 7Y 84F dhe] 473
skack

AQONF HE Aol 0T 2] BB Rse] HEL U
2H2009)o A 2rs = dow, dAle] =i AAE AHE2
2t} g AAEAS & 4 AUt Fig 50l Bl S5
8448 De Vahl Davis(1983)2] 7614 13 %vo%r)r 2]
YAkl 0™, Table 58] FX4 vlwE AoRA @) PHS
Table 4 Vertical velocities along cross-channel at x=7
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y S3416 S4424 55424  Gartling (1990)
0.5 0.0 0.0 0.0 0.0

03 -0.1877 -0.1744 -0.1108 -0.193

0.1 -0.4850 -0.3431 -0.2622 -0.544

0.0 -1.0641 -0.8472 -0.7223 -1.165
-0.1 -1.6553 -1.3860 -1.2529 -1.778
-0.3 -1.3566 -1.1519 -1.0760 -1.423
-0.5 0.0 0.0 0.0 0.0
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Table 5 Comparison of Hermite element results with those of Davis (1983) for natural convection flows in a square enclosure
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