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L =
Z 1) Consider the

1D-mesh

Q) Determine the element shape

Lonckions, .
v Vs
N, N
N=l-x N,y =x Tnkuttive
solutions
NE= 2-x , Ny=-1+x

b) Delermine the global shape Functions,

Definttion, see pooe l03:

M." n element 1
Ny = -
0, n element 2

y N/, in element 1
2" U:L, n element 2

Na = 0, n element 1
3 M; , n dement 2

X=0

A
v

| Element 1 | Element 2 |

Example: linear elements

Global shape functions:

5
1 up( Z u; (. T(x)u
o3(x)

n: number of global nodal points.

Local element shape functions:

= ¢ (z)u’

ujp(x) = uig1(x)+usos(x)
() 6a(x)

with o " = [p1(x), p2(x)] and

T — at —
2 y(r) = —

] — x5

5 o) =

x5 — x§

Let vs try the <-makeix method.

N=T1 x| Cdcﬂfee 1)
Element 1

¢ cooidinates Cor nodes

o) Jj

T=0X ond &=C&

= T—D-C'aﬁ-r\l‘&

We are looking Cor T, 50 we need the faverse of C.

C'= 7 [ ‘ ‘:[

Element 2

= T=[ x][ ]&[":L

Here DLCI our element Sunctions Cor element 1.

M', KM

KJ=[\ X-] ) C=I‘( ;_I = C-=+I ] = T=0 {Jl |]o=[9_ -% -l+xj(o

B Glob ! shope Concktion?

We need one

Conckions that #0 T the nodel
NL o, 0exg) N,
Node 1% Ny = O , othewise 1 Ng= NG

0

'ObO\( 6hQP€ -CUnC{:TOr\ S;\or eoch nNode.

t s TN‘

Qou only care obat the shope

04xK | N 1¢%x8 2
Na =
z:xg_t ’ @] O‘U\efwrsg
Oth.wise



72) ( onsider +he 10-mesh

X=0 X=1
o) Determine the element shope Concklons.
1 2
N Ne N . .
3 [ @ @ @
| Element 1 | Element 2

Tntuotive solukton

1), = 2 (x-0.5)- 1)
Ny = Yx o= 1)
Ns = — 2% (05-%)

F—— X

b)Determine the global shope Sunctions.

See definftion on page (03,

L). °|w\ _zldz O Ms wm 0 éo n 0 _|o ,in O
‘\-} { ) 7._0 lv')@JNS @’ U;‘i“@l NS" U:,?h@

73) £ and fnode dlemnts. Ay

) Check 1§ the converaence erttecion s
'?U/Q“\“e&
6-node.

'1‘L=o<,+(><z><+o<3>/+o<.,><y+0(5><1+0<6y1 v

¢

0.5 AP

o
- @ @

Z-nc 1.5
-node
Ty =+ Bux#Beyy+ Bt Bos/ bt 485 X5 By oy + By

Ok, s0 Now con we check T€ TQO‘DVQ‘BQS?

C onvefaence CQm eEeness+Com@cxb\\l'&\}

@:%Tﬁty)‘ Ts=T7 on the boondry betwen the Shapes.

Lek vs look ok the line macked n puple (=05 , y.0—0,5),



G;\Ei(’e;f—_eneés - The ﬁempeju{:urc

funct Sons T, ond Ty con represen the Lemperatue
Cor Constcmt arbitrary T-voloes and. ©T-valves .

Constant T valve T ok, Just g0 U\roush oll nodes and spend’ one constant n each node.

The same holdls 'Qor . I

=> |The convergence criterion 1o sakisSied.

) Check it Lhe convergence ceiterion T satisfied.

Ay

T = 0L, + Ol X gy + 0ty Xy + Og X+ 02y
0.5
Ir\’cefesk.mg PO\V{:: (}(=O,5/Y;O——>O,5>
Same {—J\Tr\s here, o, con be chogen T
such Lhot 1he temperature Ts continous, ® >
0 0.5 il %

(r=-T.

=>|The convergence criterfon is satisSied.




7.1'{) Element mesh of 3- and H-node

element s,

—E{= O(,* O(Q_X.‘O(‘Sy-\- O(qu y
0.5
To=r+Bex 4By
Ty
Ts
o) Ts the convergence criterion yfilled?
- . 0.5 1 15 X
Completeness: O, L think.

C&QQQO\‘QEE&X Lets look at Lhe (X:0,5—>1, v= \—X) \The

ETL’=0(|+0L1X+0{3(\—><) +0ly X =X)
T =2+ Lo A 21—

4ce Ty Ts of degree 2 and Tz is  of degree 1, Tt Ts Topossite to sokishy

Ty =T, over the entire [ine &= Ty+Ts for  x=J05, 1]

h)Use the C-matr® method to obtain the element shope fonctions For Lhe

KeMember
3-ncde element.

| >(: y’ l o © S —
- =|det(c)=+0,5
N[V ox vy, O N v [( ! °J m
| Vi

Lhok Lthe nodes are numbered 3In posTEive

direction!

I

{ 015 ol
3



ZSJ One 7~T\OCQP. &{emeﬂt g one

f-node £ Tangoular element.

a” =[13 15 18 14 14 16 13 15 18 14 14 19] 10 1112

\\Jewkons [aw

Coord— |0 b 2 35 405 2 3 0 b 2
%T¢=100 0 0 0 b b b b 2b 2 2

Determine Lthe total heat generated

within the stcuctore dve £o  Lhe ) 1 2 3 4 5
chemicol reacktton Sor the situation »

where the thickness s b and Lhe ambient tempefo\ﬂure, T, =0.
dW@-Q@ =0 , Determine Q.
a; s the qux. q=-5\71‘ =kIJT

% Y - _ T
T=N&* , where &*is given. a=3-1315..19]

oot - (1[5 o
Lsi2 Y - s - ; /| J,OL (T_ Tq)ﬂ\&x
dL:W=J l"'(a%)ldx =J1+E) dy =_ri' dx !5,/7

So [,Qhou’; s T=Texy) OIO“S Ls-\*z\Z

t(sjm JTD=18 5, TaD=19

Ansats: T= oL +0 X+ Y

T = axlox +¢
T)= 8§1+Zb§+ c="
T(5)= 0t +X Hb+ O =N
T(9)= X, + 0D * Aybh=18
TO2)= 0, +0y Lo+ X

T(32)=18¢+3bs+C =18

T(a8)-32£+4bg+ C=(9

8§1+Zb§ +c=1[H
O -1,5% =3,5¢=- 13,5

O -Hbg -3c =-37%



7.6)

0) Sugaest ¢ Ethak Sulills £he convergence requirement
Let's plck these elements!

s Cp=(y,+D<=><+(><5\/+o<.,x’+0<5><y+oz‘y"+ (x;x‘ym(gxyl
3
X

IR XA S Beg’m from Lhe middle on row 4 since we ore equally

x° Xy T XD et v° Tnterested % - and vdependence.
X858y AT 3B s T b

Check'mg the convergence critecion.

b) Same , but Cor oo b-node element.
We only need the free Siest rows)

= 0 +00o Xt g Y+ 0y X ot O X7 4 (2 /°

X‘I X'syx'zyz ><>/3 Yq 9\/ “‘s M
X° Xy AT XYyt
X858y XAV A B xS b

X
N
~

Checking the convergence critecion.



77> Constder the L(—node_ element below:

0) Sugaest o suTtable approximation] 4 3

D=0t + 0X +0l Y + Uy XY

b) Parositic termse? y . ,
Pes, Myxy 18 porasitic since the thicd

Figure 5: Four node element.

vow Tn poascals triongle s not Filled. S

Nlse the C-motrix method to obtain the element shape SupctTons.

X0 Y X\V
N=ll x v %], c=[] Xo Yo XM
' Xs \/s Xsys
X Ve XV

d)LUhO\(-_ Ts the volve of the element shape Conetion Ny ok the nodes 1,2 € 3

The ponk with element form Cunctions Ts Lhot they equal to zero

ok all nodes exept ot o specitlc one. Thusly.

\\I\J:(ﬂode D=0 , Njy(node 2)=1 , Ni(node 3)/=O/_)




