FEM FOR HEAT

TRANSFER PROBLEMS




Field problems

N

e General form of system equations of 2D linear steady state
field problems:

0° 0°
DX@)?;JFDy@ fz—g¢+Q=O
(Helmholtz equation)
e For 1D problems:
d
D=L gp+Q=0




€@§' Field problems

N

e Heat transfer in 2D fin

o°T . 8°T, ,2h. 2hT,

—(DXW+DyW)+(TT— " )= 0
. oS ~~ ~ Heat supply
Heat coFlrduction Heat convectction

%% % Note:
fi T
! ~ 2h
g - Tl
/f4$ %%E
eat convection

on the surface

Q=g+

2hT,
t




Field problems

N

e Heat transfer in long 2D body

T . 0T
knyfkyWJf g =0 Note:

N , Heat supply

V -
Heat conduction

Representative plane




Field problems

N

e Heat transfer in ZD fin

d°T
kAdz —hPT +hPT, + q =0
X" y
v . Heat |
Heﬁr—at oriction Heat convectoin eat supply Note:

D=kA, g=hP, Q=q+hPT,

& p

A
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Fleld problems

N

e Torsional deformation of bar

2 2 Note:
la¢2+£a¢2+26’:0
Gox® Goy D~1/G, DyzllG, g=0, Q=260

(¢ - stress function)

e Ideal irrotational fluid flow

O’y N 0%y o Note:
8X2 @yz DX: Dy: Lg: Q:O
2 2
0 f + 0 f =0 (- streamline function and
oX" oy ¢ - potential function)

S a8 - e grmio o315 7 3995 sl oy



Field problems

N

e Accoustic problems
P - the pressure above the

O°P 0P W, _, ambient pressure ;
aXZ 8y2 CZ
w - wave frequency ;
Note: ¢ - wave velocity in the
, medium
W
g:——2 ’DX: Dy: 1, Q:O




V%’igﬂ?{dResidua/ Approach For FEM

e Establishing FE equations based on governing
equations without knowing the functional.

D, 02¢2+D 82¢—g¢+Q:O — T(g(x,y))=0
0 X Y0y’

(Strong form)
Approximate solution:

L wf (A(x, y))dxdy =0  (Weak form)

\

Weight function

SilKe 0aStils - gl rmio oSl 9 sgamma slir! oy



l/l/eim{d/?esidua/ Approach For FEM

e Discretize into smaller elements to ensure better approximation

e Ineachelement, ¢(X,y)=N(x,y)®"®

where N=|N, N, - N, | ;

e Using N as the weight functions

—— Galerkin method

Residuals are then assembled for
(e) _ T
R™ = J‘Ae N™T(g(x, y))dxdy all elements and enforced to zero.

il 8082315 - gl aro sl 10 3995 sl oy



1D Heat Transfer Problems
\

1D fin
d2T k . thermal conductivity
KA % -hPT +hPT, + q =0 #A: convection coefficient
O st supply A : cross-sectional area of the fin
Heat conduction . - -
P perimeter of the fin
T (O) =T, T : temperature, and

. e- o T.: : . )
(Specified boundary condition) ~- ambient temperature in the fluid

0 x

dT
kA~ = hA(T, =T, )

(Convective heat loss at free end)

Sl Sils - gl _inio oKLl 11 39308 sl5] gy



1D Heat Transfer Problems
. TN
1D fin

Using Galerkin approach,

X: ( 2
RO = [N DY -zr—gT+dex

% \ dX
X; ( 2 X;
__["N"[ DY 12-+Q]dx+j 'gN'Tdx
X; \ dX X
where; D =kA, g =hP,and Q =hPT,+ q
-:353.-0. --------------------------------------------------------------------------------------- X,

S ') I . ) o () o
1 2 i l J n+l
0 () X




1D Heat Transfer Problems
- \
1D fin

Integration by parts of first term on right-hand side,

dT
dx

R® =-N"D

+ j dc';': D :l;r(dx— j QNTdx + j gN"Tdx

Using T(X)=N(x)T®

dr |’
dx .

b(®) k(®)

~( ["QN"dx)+( [ gN"Ndx) T

- v - /
Vo

(e) (&)

T
% dx dx

o J/

R =_N"D— dx) T

il 8082315 - gl aro sl 13 3995 sl oy



1D Heat Transfer Problems
\

=b® +[KE +kOTT —§&

dN _ _
where B = ™ (Strain matrix)

k(® = j N d _ J‘ de (Thermal conduction)

k) = j 7 gNTNd (Thermal convection)
g Jx 9 X

f ée) _ J‘ Xij QN dx (External heat supplied)

dr|*
dx

(Temperature gradient at

© - _N'D
o™ =-N'D two ends of element)

X

Sl Sils - gl _inio oKLl 14 39308 sl5] gy



1D Heat Transfer Problems
I NG

1D fin

For linear elements,

N(x):[Ni NJ:{XJI_X X_Ixi} (Recall ZDtruss element)

B_dN_d X; =X X—X _[—_1 }}
Cdx dx| | 1| |1

Therefore, AE for truss element

1 1 1 -1 (Recall stiffness
D[— —}dx } matrix of truss

element)

X.
Kk (© :j j
D X,

-1 1

-
T
1
1




(9 =["Q

1D Heat Transfer Problems

Apl for truss element

ol

dx ==
2

|

1
1

|

| 6 (|1 2

|
= hPT —
( g + f )2

Heat supply  Heat convection

{x,——x X_Xi:|dX: 2 1}

i

(Recall mass matrix
of truss element)



1D Heat Transfer Problems

dT| |
kA_ ' dT A O A
dT " dX X=X kA_
b® =—N"D—| =X =4 X, b4+ daT| ¢
dx|, dT KA
| —-kA— 0 dx|._,
dx|,_, - SR
\ ) b|(_6) b}(?e)
or (&) _ (e (e) (n-1) (n)
b — bL + bR 0] I._l iQ I.+1
(Left end) (Right end) / \
_ _ (S I om
At the internal nodes of the fin, b,(& e ¢ J ’
and b 59 vanish upon assembly. pdT Iyl pd o
dx o, dx o dx - dx .
At boundaries, where temperature is
prescribed, no need to calculate b, (® \o '

or b @ first.

Sl Sils - gl _inio oKLl 17 39308 sl5] gy



1D Heat Transfer Problems
\

1D fin
When there is heat convection at boundary,
dT
kA~ = hA(T, - T,)

e 0 0 0
e.g. bl = = —
hA(T,-T,)[ |PAT,| |hAT,

Since 7, 1s the temperature of the fin at the boundary point, 7,=7;

J
T. 0
Therefore, b® = 00 Hl_
0 hA||T, hAT,

. \(f) J \ )]
e
K fs@

il 8082315 - gl aro sl 18 3995 sl oy



1D Heat Transfer Problems
I NG

1D fin
p® =kOT® _§©

0 0 0
(e) _ (e) _
where k;; {O hA} , f! _{hATf}

For convection on left side,

OFMOE JORFIO
b” =k} T —f,

hA O hAT
where kﬁj’{o } ,fs@:{ of}

0




1D Heat Transfer Problems
I NG

1D fin
Therefore,

RY =k +k§ + kP 1T — {57+

o J/

k(€ f?g)

R — k‘éﬂ —f®© /

Residuals are assembled for all elements

and enforced to zero: Ku =F
N )

v
same form for static mechanics problem




1D Heat Transfer Problems
I NG

1D fin

e Direct assembly procedure

(©) _ @7 _f© T (1) 1> 2 I3
R KTV —f o o (2) o
or 1 2 3
I:Ql(e) kl(le) k1(2€) Tl(E) fl(e)

{R?’sz‘f’ kﬁf’HTz“’}_{fz‘”}

Element Z:

1 1 1 1
RO =k{PT, +kPT, — £9

1 1 1 1
RY =k{T, +kPT, — 9



1D Heat Transfer Problems
\

1D fin
e Direct assembly procedure (Cont’d)
Element 2:
(2) _ (2) (2) (2)
R” =k T, +ki’T, — f,
(2) _ (2 (2) (2)
R” =k 'T, +k;;'T, — f,
Considering all contributions to a node, and enforcing to zero
RO —0: kOT, +kOT, —f® =0  (Node 1)
RP+RY =0: kPT, +(k +kP)T, +k@&T, —(f2 + £,?)=0 (Node 2)
RP =0: kT, +kPT, -2 =0 (Node 3)

il 8082315 - gl aro sl 22 3995 sl oy



1D Heat Transfer Problems
I NG

1D fin

e Direct assembly procedure (Cont’d)

In matrix form:

[, (1 1 1(+ ) ( 1

ks k3’ 0 [T, £,
K9 kY +KP KD 1T, p=1 10+ 13

2 2 2

0o k& kP ] | 2

- 4 \ J

N
'

(Note: same as assembly
Introduced before)



1D Heat Transfer Problems
\

1D fin

e example. Heat transfer in 1D fin

Calculate temperature _ W o h=01—Y__ 4 —20°C
distribution using FEM. cm”-°C

I

1 I 0.4cm
| e
] |

gcm

4 linear elements, 5 nodes . 2‘ . . .




1D Heat Transfer Problems

W W

Element 1, 2, 3: e " T ZZOOCT
(&) £(e) - 7
Kv T notrequired ‘\800(: EH.@"
Element 4: |L 8em J|
(e) f(e) .
Ky, . Ts required 0o 8w
1 2 3 4 5
A _3(04) W
| 2
hP2|Tf _0.1(2.8)(20)(2) _ W
hPI_0.1(28)2 _ 0.0930ﬂ
6 C hAT, =0.1(0.4)(20) = 0.8W

hA =0.1(0.4) = o.04})"’_C

il 8082315 - gl aro sl 25 3995 sl oy



1D Heat Transfer Problems

1D fin
Forelement1,2,3 k' =k® +k® ¢ =f®

(6 _ @{1 —1}@ [2 1} k(l,z,s)_{0-786 —0.507}

-1 1] 61 2 0507 0.786
f(e) _ hPLTf 1 o f(1,213) _ 56
2 |1 5.6
Forelement4 K =k® +k® +k& £ =& +£©
@ KA1 -1} hPL{2 1| |0 O @) {0.786 —0.507}
k = — + — +  — k =
L|-1 1 6 |1 2 0 hA —-0.507 0.826

hPLT, |1 0
f(e) — f { }‘i‘{ } f(4) _ 56
2 |1f " |hAT, S 6 1

il 8082315 - gl aro sl 26 3995 sl oy



1D Heat Transfer Problems
\

1D fin
0.786 —-0507] O 0 0 1(T,] (56] [Q}+—Heatsource
—0.507 [ 1.572| -0.507] 0 0 ||IT,| |11.2] |0 (Still
0 |-0.507 1572 -0507| 0 |3T,p=4112¢+< 0 ¢ unknown)
0 0 |-0.507 1572 | -0507||T,| |112| |0
0 0 0 -0507 0826 ||T,] (64] |0]

7, = 80, four unknowns — eliminate Q"

f0.78——0.507 0 0 01T -80) ( 56+

~0.507) 1572 -0507 0 0 T, 11.2+80x0.507
¢ -0507 1572 -0507 0 |{ T, ={ 11.2 >
C 0 -0507 1572 -0507|| T, 11.2

| C 0 0 -0507 0826 || T, | | 6.4

Solving: T' ={80.0 42.0 28.2 233 22.1}

il 8082315 - gl aro sl 27 3995 sl oy



1D Heat Transfer Problems

Composite wall TN
d 2T A
y

dX2 q 0
— H Pl
H i ; 0 -
Heat conduction PR g;ggggg : E‘%:ﬁftff:f:f:?ii?
] FEON ST ettty
PR Eees 0‘0‘0‘0’0’&&0’0’0
L] ‘00000’0‘0‘."’0’000’.
= L] Q”O’Q’Q‘Q“"’Q’Q’Q"
ek .0’0’0’&#&,0’0’&.
n V e Ct PELIPES ’&,0,0,0,%.*.0,0,0‘
Ve O . PPPIIES ,0’0’&&@‘0‘9*&,0,
n a.r EPLEPes RERLEDCES
vk st
" PP Erers : ¢Q’0’0’.“0‘0‘¢‘¢“¢“¢
PELIPES o"*’*’o’o’o’&’*‘dr’q»
d | Tk ; .o’o’o*o*.¢.¢,¢‘¢‘¢%
L] ‘."0’0’0’00‘0’0’0’0”
KA— — hA(T 25
— ISP LES IS &’0’&&&&0’&&’
- — 20 ST
h b [ a _ ;:ﬁffﬁ : EESESEISES
X f xX=0 955555 Sessssess
Lk SR
PP EEees crereteletetetutulets!
Tk ,o’&@.w,&&.*&,
ek RIS
e OEeed - Q’O’Q’Q‘.‘.“““"‘
ISP LESP 0’0’0’¢’¢¢¢¢‘¢"¢ %
e OEeed 0’0’0’9’¢¢‘¢‘¢‘¢‘¢
e OEeed 0’0"0‘?‘0‘0’0’00
e PEsed 0’0‘0’¢¢¢¢¢¢’¢’¢’¢’
e 5 LI
& Sy

dT
_kA—— — S
—=MA(T,-T,) at x=H S
X
All equati i ]
guations for 1D fin still L, © ()
Recall: Only for

applies except k& and ¢ vanish
' heat convecti
ion
Tl g TR , FO =157

LK uStsls - lgd c
ls ul.q,w‘ ‘:;.a.&obls.&‘.}‘é
28
s9a00 sl ug)

Therefore,



1D Heat Transfer Problems

Composite wall N

e cexample. Heat transfer through composite wall

k=02

3 W cm- °C
h=01— 5o /
Calculate the temperature SR T =200
distribution across the ] - .
i , =-5°
wall using the FEM. |
k =0.06 w
cm-°C
" 2 L— 5cm —"

2 linear elements, 3 nodes ¢




1D Heat Transfer Problems
Composite wall —

k=02_"
h=01—V_ / cm-°C
For element 1, s c
A_020) W gulnigey 1-20°C
L 2 . OC T, =-5°C .;
" i

hA=0.11)=0.1— ~ W

1) 0 k= 0.06——
hAT = 11 =—

=0.1(1)(-5)=-0.5W 1, L_Scm_.‘

oo o _[02 —01),0, ©
"o ha 101 01 ’ ’




1D Heat Transfer Problems

Composite wall — .
k=0.2
B W cm-°C
For element 2, h=0le _
£
kA 0.06(1) W ST T_20°C
T, =-5°C j_,‘- s
K(©) @{1 —1}_» o _[ 0012 -0.012 e 7 AN W
L[-1 1 -0.012  0.012 ot ot cm-
Upon assembly, ., L_Scm _,‘
Lo, o

1, 2 3

020 -0.10 0 T —0.5 0 (Unknown but
-0.10 0112 -0012)y T, +1 0 ¢ required to balance
0 0012 0012 ||T,(=20)] | 0 | |Q*f equations)

I
o




1D Heat Transfer Problems
Composite wall —

W I(:O'zcm\/\-loc
h:0'1cm2-°C /
i T-=20°C
T, =-5°C it
4 k =0.06 W
cm-°C
020 -0.10||T, -0.5 L_ _.‘
— — 2 5 cm
010 0.112|]T, [ ]0.24(= 20x0.012)

(1) (2)
@ Q@ ]
1 2 3

Solving:  TT={-25806 -0.1613 20}



2D Heat Transfer Problems
I NG

Element equations

O°T o°T 3
+D T+ 0
P AL Pl Lt

D

For one element, Q

_[ N o°T o°T

R® = D, —7+D, =7~ 9T dA
( PV +Q)

Note: w= N : Galerkin approach




2D Heat Transfer Problems

Element equations
2 ) (Need to use divergence
0T 0T

R® = j N"(D, =5+ D, = —gT +Q)dA theorem to evaluate integral
O Loy’ In residual.)

(Product rule of differentiation)

—j DXQ(NT a—T)olA D, ONTOT
X OX OX OX
Divergence theorem: j—(NT —X)dA _[ NT—cosedF

)
[ N'D, —dA -[ DXNTﬁ—TCOSHdF+ D, ON_ T -
Te OX A OX OX

2 T
Q(NTa—Tj:NTaTZJraN oT
OX OX OX OX OX

Therefore, - j N'D

il 8082315 - gl aro sl 34 3995 sl oy



2D Heat Transfer Problems

Element equations

2" integral:

|
N’ oT o,
oy

—j N'D, —dA —j b N" IV sinadr + D,
r, 7 oy A

Therefore, R®=-| N (ng—lcosm Dy%rsin del“

A

ON" oT _  ON™ oT
+[ | D, +D, ———
Al ax o ax T ay oy

+Lb gNTTdA—J'AEQNTdA



2D Heat Transfer Problems

Element equations

T(X)=N(X)T®

R(e)z—_" N"| D a—Tcose+D a—Tsin0 I
T " OX oy

'

b(e)

T T
+ p N @+Dya'\I N i |1
S oy oy

v

k(®

J

+( IA; gN"NdA)T® — j% ON'dA

(@) (&)
Ky fo



2D Heat Transfer Problems

Element equations

R(e) _ b(e) —I—[k(;) 4 kée) ]T(e) _fcgE)

where b® :_J‘F N’ [ng—lc059+ Dy%sin del“

T T
Al ox “oax oy Yoy

k§? = [, GN"NdA

£ = j%QNTdA



2D Heat Transfer Problems

Element equations

T T
kg:):J‘ oN DX0N+8N Dya—N A
Al OX oxX oy oy
(0T | [ON]
: D, O X X
Define D= _ _ © _ T
° [0 Dy}, VT=tar (7| an [T =BT
Loy ) Loy_
oNT] [N, N, 0N,
B— OX | | OXx  OX OX _ -
TlaN|T|an, an,  on, | (Strain matrix)
Ly [y oy oy

T T
BTDBZDxaN a—N+DyaN oN —_ k(g):I B'DB dA
OX OX oy oy A




2D Heat Transfer Problems

Triangular elements

T (&) _ T(e)

=[N, N, N,KT

Note: constant strain

matrix

Ay,T

1 (X1, Y1)

I

3 (X3, Y3)

2 (X2, ¥2)

X, T

(e) _ T _ pT T
k¢ _L\EB DB dA=B DB_[AedA_B DBA,

b?
e Dx I
K© = 2x

4A

dl,:."lia oM‘A-QL@LA L) ol &sils

bb,
b,

bb, bb, c?
2 Dy

b; bbb [+—|cc,
> | 4A

bjb, b |  CiCy
39

CiC;

2
C;

CCy

CiCy

CiC,
Ce

>

N.=a +bx+cy

i —Ae(x yk y')
b, = Ae(y, Yi)

1
Ci_ﬁ(xk Xj)
(or NV;= L))

s9ame sl Gug,



2D Heat Transfer Problems

Triangular elements

Nl
k® :L\e gN"NdA = nge< N, [N, N, N,]dA
N
. - Note:
NZ  N,N, N,N Inl
= Nlil |i|22 N1N3 dA Jo L LaLidA~ —
_gJ% 1N 2 2N3 A (m+n+p+2)!

N;N, N,N, N :
s e T (Area coordinates)

111101 1 A
e.g. | N,N,dA=| LLLdA= 2A = opn—
: Lb bl L»eLi = (1+1+0+2)! 4x3x2x1 12

2 1 1
Therefore, ké@:(f_';‘ 1 2 1
11 2

il 8082315 - gl aro sl 40 3995 sl oy



2D Heat Transfer Problems

Triangular elements

Similarly,
N. lew oA

(e) _ T . B B

f _jAeQN dA—QJ.Ab<:j>dA—QLb<II::$dA_—< >
k § J

Note: b(® will be discussed later




2D Heat Transfer Problems

Rectangular elements

TO=NT® =[N, N, N, N,]:

N, =31-5)1-7)
N, =72+5)A-7n)
N, =2@2+&5)A+7)
N, =2@1-5)1+n)

A7
4 (X4, Ya) 3 (X3, ¥a)

S

2a

1 (x1, y1) 2 (X2, Y2)

A e B I

r

=x/a, n=y/b




2D Heat Transfer Problems

Rectangular elements

k¢ = [, B'DB da=["[" abB'DBd&dy

[ 2

1

2 -1 1]
2 2
-1 1
1 2 2

1
2

-1
—2

K = [, gN"NdA = [ abgN"Nd&d,

=abg_[pb

_ N
NlNZ
N1N3

NN,

N1N2
N;
N2N3
N,N,

2 1 -1 -2]
Dal 1 2 -2 -1
+_
6b | -1 -2 2 1
1 -1 1 2
NN, NN, |
Nz'?s N2N3 dédn — k;e) _
N2 N;N,
N3N4 Nj i

36

N P NN B

R NN BN

N AN

A NN PPN




2D Heat Transfer Problems

Rectangular elements

1

N

73 :jAeQNTdA=QLb< &dA:%<

P P P

‘= z =z =

S
o

Note: In practice, the integrals are
usually evaluated using the Gauss
Integration scheme




2D Heat Transfer Problems
I NG

Boundary conditions and vector b(¢

b :/bfe) + b(Be)
X
Internal Boundary

/'
b 59 needs to be - .
evaluated at boundary Vanishing of b,



2D Heat Transfer Problems
I NG

Boundary conditions and vector b(¢

n

Essential boundary
T is known

Need not
evaluate b%’

Need to be

concern with b ®

I, Natural boundary:
the derivatives of 7" is known



2D Heat Transfer Problems
I NG

Boundary conditions and vector b(¢

b(e)z—j N'| D 6—TcosH+D 5—Tsin6' r
T, X OX y ay /

D, L coso+D, D sing=-MT, +5 o natural
- oX oy boundary T,

Essential boundary I, 0
T is known

Dxﬂcosﬁ+D gsinﬁzkgz—MTb—FS
OX oy on

/

Heat flux across boundary

I Natural boundary:
the derivatives of 7" is known




2D Heat Transfer Problems
I NG

Boundary conditions and vector b(¢
Insulated bounaary:

M=5=0= b¥ =0

Convective bounaary condition.




2D Heat Transfer Problems
I NG

Boundary conditions and vector b(¢

Specified heat flux on boundary:

oT
-k oT
oT =K on ka——q
or
on S . G = 5=
o
M=0, S=-q,

( Positive if heat flows into the boundary
S =< Negative if heat flows out off the boundary
0 Insulated




2D Heat Transfer Problems
I NG

Boundary conditions and vector b(¢

For other cases whereby M, S+ 0

b® =—[ NT DxﬁcoséuDyﬁsin@ r
Jr, OX @y

= 'r NT (MT, +S)dI

T =NT

bl =— ) N' (-MNT® +S)dT
=(]. N'MNdI) T® — ) N'SdT
— : s )
| SaeSabogel gaeoals B0 e




N

2D Heat Transfer Problems

Boundary conditions and vector b(¢
p® =KkOTE _f©

where ki =] N'MNdl' | £ =] N'sdr

For a rectangular element,

N Ay N
1 4 (X4, y4) 3 (XB, Y3)
N
(&) _ Tar - [ 2
f0=[ SN'dr=[ s N -ads " §
N 2a
) \ C Li) 1 (X1, y1) (X2, y2)
(1-¢) 1
£l = ls—;<(1;§)$d§:8a<(l)> (Equal sharing between X
-1
. ) nodes 1 and 2)

Sl Sils - gl _inio oKLl 51

s9ame sl Gug,



2D Heat Transfer Problems
\

Boundary conditions and vector b(¢

Equal sharing valid for all elements with
linear shape functions

(O\ KO\ (1\
: 1 e 0 e 0
fs(,g_S:Sb%ﬁ f{) , =Saq 0 £, :Sb40>
\0) \1) \1/ [ 3§jly3)
Applies to triangular z;jz,m
elements too P o
SL, K 0 SL, N
e SL €
fs(,l)_z - 22 117 fs(?g—s = 223 1) fS(,1)—3 = 23 10¢
1

il 8082315 - gl aro sl 52 3995 sl oy



2D Heat Transfer Problems
I NG

Boundary conditions and vector b(¢

k(® for rectangular element

N2 N,N, NN, NN,
NN, N2 N,N, N,N,

ki =| M , dr
o NN, NN, N2 NN,
_N1N4 N2N4 N3N4 Nf _
NS NN, 0 0
1IN,N, N2 0 0
k& ,=aM 27 d
e L, 0 o o0 o0l°
0 0 0 0




N

2D Heat Transfer Problems

Boundary conditions and vector b(¢

1 1 1—52 2
j_lN1d§=I_l( 4) d§:§

1—5)(1+§
A

1 B 1( ) _E
[ NNde= [ i -2

1oy 1(1+§)2 _E
I—lNZdé _I—1 4 dg'= 3

0 00 0
(© _M2j0 2 10
MEZ2 6 |01 2 0
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2D Heat Transfer Problems
I NG

Boundary conditions and vector b(¢

Similar for triangular elements
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2D Heat Transfer Problems
I NG

Point heat source or sink

Preferably place node at source or sink




2D Heat Transfer Problems
I NG

Point heat source or sink within the element

) Point source/sink
(e) _ T
f§ =], QN"dA ‘

Q= Q*5(X_ Xo)5(y _Yo)
(Delta function)

1§ =Q [, 1N [F(x=X)(y-Yo)dxdy |




Field problems
SUMMARY

o°T o°T
DXW—FDV_Z_QT_'_Q:O
ki kyt 2h 2nT Source
—= 7 \\ and sink
// / /7 \ /
// / Ve \ /
(e) A(/e) (Ke) (;() (e) 7171 (e) £ (e) (g) (e)
R :l? +Hkp +kg Ry 1T = (f7 + 10 +57)
\ \ ' '* - - ~~ A, 4 ~/ n
K (€) \ (e) 7
‘\ \\ /f//
| Only for elements on the \ PR
‘\derivative boundary \ g
\ ‘h hTy //
\ - -
\ —MTR+ S~ _-
. (e) T ( ol ol . /\ -
b =—I N' | D,—cosd+D,6—sing dI'
r OX Yoy



