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Determination of shape functions for 3-node element
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Determination of shape functions for 3-node element
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Determination of shape functions for 3-node element
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Determination of shape functions for 3-node element
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Determination of shape functions for 3-node element
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Determination of shape functions for 3-node element
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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Heat flow in 2D
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Heat flow in 2D
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Heat flow in 2D
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T =N®O, w=Nw=wINT, VT = BO
Vw =wIBT, D = kI, h = const
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Heat flow in 2D
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Heat flow in 2D
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Heat flow in 2D

/A (Vw)'DAVTA = — /

whqndI‘—i-/ whfdA
r

A
+ boundary condition

~

T=T onTIy

T =N®O, w=Nw=wINT, VT = BO
Vw =wIBT, D = kI, h = const

/ BTkBdA © = — / NTg,dr + / NTfdA
A T A

K:/BTdeA, f:/NdeA, fb:—/NandF
A A T

VO] (] K

Y|
Computational Methods, 2020 © J.Pamin [PIC



Heat flow in 2D
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2D example of heat flow — 3-node elements

K matrix — element 1

qn = 5 J/m?2s
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2D example of heat flow — 3-node elements

K matrix — element 1
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2D example of heat flow — 3-node elements

K matrix — element 1
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2D example of heat flow — 3-node elements
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& h=1m

2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements

Assembly

0.338
K!=| —0.388
0.000
0.338
—0.388
K= 0.000
0.000
an = 5 J/m2s
DIVIVIIDY
°: k =0.9J/ms°C i
? f=2 J/m2s e
clh=1m s

an =0

Computational Methods, 2020 (© J.Pamin [P

|
|: 0.338 —0.338 0‘000:|
K1 =

—0.388 0.938 —0.600
0.000 —0.600 0.600

0.600 0.000 —0.600
K? = 0.000 0.338 —0.338
—0.600 —0.338 0.938

4
fl=f2=| 4
4

b




2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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FEM equation set: K® = f + f; |
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FEM equation set: KO = f + f;,
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements
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2D example of heat flow — 3-node elements

|
Heat flux vector — element 2
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2D example of heat flow — 3-node elements

Computation of temperature at a point in el. 1
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2D example of heat flow — 3-node elements

Computation of temperature at a point in el. 1
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements

qn =5 J/m?s Yy
{ { { { 5 5 5 55 - 4T Duscretuza%on 3
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Heat flow in 2D

/A (Vw)TDhVTAA = — /

Lq

whdl — / whandl + / whfdA
FT A

+ boundary condition R
T=T onIp
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Heat flow in 2D

/A (Vw)'DAVTA = — /

whqndF+/ whfdA
r

A
+ boundary condition

~

T=T onTIy
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Heat flow in 2D

/A (Vw)'DAVTA = — /

whqndF+/ whfdA
r

A
+ boundary condition

~

T=T onTIy

T =N®O, w=Nw=wINT, VT = BO
Vw =wIBT, D = kI, h = const
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Heat flow in 2D

/A (Vw)'DAVTA = — /

whqndI‘—i-/ whfdA
r

A
+ boundary condition

~

T=T onTIy

T =N®O, w=Nw=wINT, VT = BO
Vw =wIBT, D = kI, h = const

w’ / BTikBdA © = —wT / NTgdl' + wT / NTfdA, vw
A I A
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Heat flow in 2D

/A (Vw)'DAVTA = — /

whqndI‘—i-/ whfdA
r

A
+ boundary condition

~

T=T onTIy

T =N®O, w=Nw=wINT, VT = BO
Vw =wIBT, D = kI, h = const

/ BTkBdA © = — / NTg,dr + / NTfdA
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Heat flow in 2D

/A (Vw)'DAVTA = — /

whqndI‘—i-/ whfdA
r

A
+ boundary condition

~

T=T onTIy

T =N®O, w=Nw=wINT, VT = BO
Vw =wIBT, D = kI, h = const

/ BTkBdA © = — / NTg,dr + / NTfdA
A T A
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A A T

VO] (] K

Y|
Computational Methods, 2020 © J.Pamin [PIC



Heat flow in 2D

AwmﬁMVMAz—/

whqndI‘—i-/ whfdA
r

A
+ boundary condition

~

T=T onTIy

T =N®O, w=Nw=wINT, VT = BO
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2D example of heat flow — 4-node elements

K matrix — element 1

1_ | (@-=2)(-3)
N _{ 2~3y

o (f9-3) 200 (cV—2)yf®
~23 23 —23

qyn — o Jn

)))))))))

20°C
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k = 0.9 J/ms°C
F=2 J/m2s
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2D example of heat flow — 4-node elements

K matrix — element 1

1_ | (@Y—=2)(yP-3
N _{ 2~3y

) 20 (4P-3) 204 (aP—2)y®
—2-3 2-3 —2:3

s P p
1_ 1_ - —
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s
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Il 2 I
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2D example of heat flow — 4-node elements

K matrix — element 1

N1=|: (-2)(59-3) 20 (0-3) V40 (20—2)y® ]
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—23 2-3 —23
P e )
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3 2
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Al 0 0
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—0.350 0.650 0.025 —0.325
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qn — o Jjm s

y(lﬁ 6 3
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2D example of heat flow — 4-node elements

matrix — element 2

20°C

2_ | (@P—2)1P-3
N _{ 2~3y

) 22 (42-3) 2242 (aP—2)y?
3 2
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0.650 —0.350 —0.325
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I
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2D example of heat flow — 4-node elements

matrix — element 2
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example of heat flow — 4-node elem

i ]
K matrix — element 2
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elem
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elements
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2D example of heat flow — 4-node elem
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2D example of heat flow — 4-node elements
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