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Shipe functior

Linear, Quadratic, and Cubic Basis Functions
Defined in the Dimensionless £ Coordinate System

4)0 Degree Function Form (—1=£{=<1)
Linear $_,(§) -8
1(§) 11+ &)
——
1 £ Quadratic  ~ ¢..,(£) —4(1-¢)
Pa{§) 1-¢
b,{4) 1+ &)
L i/3 Cubic $-1($) (=98 + 9T+ - D or LI - £)9 ~ 1)
b_1,3(8) HOE - =38+ Dor KBE— (LT ~1)
¢, $1,3(8) H(—38 -8 38 Hor ~FREFIET-)
$.(£) HOF 98T~ £ —Vor H{1=£)9% —1)
‘B
7B AN .« . _Quadratic (a) and cubic (),
- basis functions defined in local £ coordi- -
{b)~, I[ nate system.

- ! -
Za? v pan Serend. peCy, Hean e borais f/*fée«a clion

.+ Basis Functions Formulated Using Quadratic, Cubic, and Hermitian Cubic Polynoials®

Lagrangian Serendipity
Lincar JO+EE)(LH ) TERID RN
Quadratic
- Comer rode 68,1+ ££)mm, () FOHEEN - EE, +am, — 1)
 Side node, £, =0 Y, (1 an)(1— £7) I DEETS
Side node; , =0 Leg,(1+ 81— 7%) H(+HEEN 1Y)
Interior node (-0 —9Y) —
Cubic
" Comer node A (92 — 1)(E&+ (I — D(uym +1) B +EE )1+ a9 +o7) - 10)
— J— 7_ ) 2
smcnode{"‘”"f. * B D+ DA=E)NEE) 5 r2y() L og)(1 4 m,)
n=*§==I (96— D(EEF 1)1~ 2 (1+97m)

Interior node, ==, n=x  Be(1— £~y UI+HENT+9mm)  —

" Hermite
Phor B+ )76 2 +0) (i —2) O+ )2+ £6 o+ - €7 =)
o — ki€ +HENGE Nt -2 %(lm £7)(1+ €41+ am,)
#hu o6+ E0MEE DM+ =) = R 66 )

P e (EHENVEE ~ D 402G~ 1) —

< \
€ V‘&’r-w{-\}?\ J‘} 2lewmat = Vt?-(.{-‘amé%&;\m eleent (U"Q.}J\ feoy Ao

L
T
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O A€ S
v el
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I
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Basis Functions for Serendipity-Type C° Hexahedral Elements;-
£:, n;, and §; Are the Local Coordinates of the /th Point

C? Elements

Sl e ) (=128

: |
4 IET " oo S g+ an 0+ 88)EE +am, +88 —2) (1=1,3,5,7,13,15,17,19)
- 13 L
2 [T T = Q- B ) (9,10,11,12)
1 .
T AL ¢r= (1= )£ )1+ 8,) (1=8,4,16,20)
- 1
A % $0= 7 = )A+EE)HE8,) (£=2,6,18,14)
1 2 3 . o
02 28 _— : L "
2y 2 BE] L B gg (R (L SIE T ) 19] (G =1,47,10,21,24,27,30
T TE T L gm0 SR+ am (1 £ (1=11,12,5,6,31,32,26,29
17 16 918 415 Con
o fog ls] - 80 Sy (=Y E9mmNE+ E)(1+5) (1 =2,3,8,9,22,23,28,29
13’”_1 . * 56 : 4’:"%('—fz)(1+9§§:)(’+Ef;)(1+'1m,)(1'=l3,8,15,16,17,l8,|9,20)
1 2 3 4

3 7 : C® Hermite?
3 A ‘ ‘f’ooor-_"l%(l+£Eu)(l+7mo)(l+§§0)(2+§E,.+nn0+§§’0.—$2—1;2—-52)
o=~ S (1= £ £ o)1+ 88)
N S 3 : %lor"—"—%(l"71_2_)(14‘5%)(1+nnu)(l+;‘g:0)
: " oo = = S (1= )1+ £0)(1 + 11a)(1 +LFo)
| A Mixed € element
Corner nodes
. '?’J_:“rﬂr
: oy = (1 EE)(1 -+ )(L+LL)
’ ; Bi=B+B,+B;
1718 . where
18 15 Side B, B, By
hi2 13 - -
" 114 310 Lincar 4 . } 1
| Quadratic g -1 a4 -1
I . .
I Cubic T T T
8
ﬂ'f N Edge nodes
1 2 Quadralic

& =30—E)(1 )0+ 1) (i =12)
¢, =3 (1HEEN— D)+ ) (i=18)
¢, =414+ E8)( F )0 1Y) (i=2)

. Cubiq :
¢ =R — £ HIEENN+nm )L+ ) (i==6,T)
&, =&+ £~ )1+ 9qm, )1+ 88) (1212,13)
&= &1+ EEN(1+am)(1 = E2)(1+9¢L) (1 =29,10)

“M. Th. van Genuchlen, unpublished manuscript.
Ve Vegen 1078
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Linear, Quadratic, and Cubic Basis Functions for Triangular EIementsl

Functions .
/ N

. . A, Seg
Linear Quadratic Cubic A /:,/-3‘ (e=fe 2, 2 )

L 2L -L, - ILBL,-1(L,—2) & /4

4L\L, $LL(3L,—1)

2031, 3L,L,(3L,~1)

4L, 1, $L,(3L, ~1)3L,—2)

2L}~ 1, L Ly(3L;, 1) -

4L,L, 3L, L,(3L,~1)

- T - 3L(3L; = 1(3Ly —2)

- 3L, L\(3Ly 1)

- $L,Ly(3L,— 1)

— 2L, L,L,

Basis Functions for Serendipity-Type
" Pentahedral Elements and Tetrahedral Elements

- Pentahedral elements

& =31+ E6)(Ly)

¢ =4L,2L, ~ D1+ E6)— $L,(1— £%) (i=1,3,5,10,12,14)
6, =2L,L(1+£6) (1=2,4,6,11,13,15)

¢ = L{(1—£%)(i=17,8,9)

where j and & are nodes located along the same edge as i,
Tetrahedral elements '

&, =@L~1)L,(i=1,3,10)

¢, =4L, L, (i=24,6,7,8,9)

where j and k are nodes located along the same edge as .
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T Semd discrete {we elemerit nethsd
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7,71@ dependent Convefion Advffusion brangpord eguition

M Y - ] 'ropagating

{ront solulion

. 7
) OL‘gfc'Pk_*:{m €rrvy: -

Numerically dissipated
(diffused) solution

(D,‘;P—F)P‘fo“ evvror )
e FTOP‘&a-gi]\m "'f A—Q—Or'f
- woveligths owk of
) FBJA* '1'%&5 S Fvuuo‘!:e ) -
T “A.*‘t‘m' Numerical oscillalory

solution

e ~ Oscillatory and dissipative numerica! approximation near
a propagaling fronf,
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