Problem 1 (40)

T=300E T=310K

q=(12+6x+ 12:D)%,

— ¥
H=1m

Goal: Find q total

Solution:
Fastest way
Total heat generated = Total heat lost = q

. 1.
q=[adv = A [qdx
0
1

q=A [(12+6x+12x")dx

0

1

q= 1[12x +3x% + 4x3]‘0
q=19W

Standard analytical way

dT -
k +q=0

dx? q
AT g 12+6x+12x
dx? k k
dT 12X +3x% + 4x°
2o SR TR L
dx k

2 3 4

T(x):——6x +I)<( X +Cx+C,

Apply BC



300=T (0) =C,
_6+1+1

310=T(1)= +C, +300
C, =18

2 3 4
T(x)= -2 XX %4300

T(x)=-x"—x*—6x" +18x +300
Calculate flux
dT

q(x)=—kA=—=—(-4x° —3x* —12x+18) = 4x* + 3x* +12x 18

dx
O =—0(0)+q(1) =18+ (4+3+12-18)
qtotal :19W

Finite Difference method
1 node
T surf not usable
Entire wall is control volume, so g_net_in=-qgenerated
ggenerated — if evaluated as integral, exact answer
if evaluated at midpoint (12 + 6*(1/2) + 12*(1/4))=18W

2 node
If split the difference, T surf not usable
If one on each boundary, , not useful

3 node
Can solve for T_middle

(300 _Tmiddle) KA (Tmiddle B 310) 18

qln qout qgen 0.5 0.5

2T iqae =300+310+ 18
4

T e = o 307,25
2

Then look at each side
Left, note volume = 1/4

Oin = Ooue t+ qgen =0

300-T . 12

= — = kAT——___middle __ 77

Oin = Qout qgen 0.5 4

g = 300-307.25
" 0.5

Right, note volume = 1/4

-3=-175



qin _qout + qgen = O
0.5 4

qout = qin + qgen = kA 2

Sum

Oout_total = Oright_out ~ Cere_in =19-9W



Problem 2 (40)

Draw a circuit between inner radius and air
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q =
In(rz/rl)+R +In(r3/r2)+ 1
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T, = 403.916 K



R400mm 3

R200mm r
R100mm r1

k=10W/mK

R, = 0002 K/W

q=10000W

N=P0W /M PK N unknown
Tair=300K




Problem 3 (30)

h=10
T.=04
=2
L
! \1.
k=40 + k=40
f l
T=1-x-x*' ! T = unkown
\ |j|"
x=02
— X

Goal: Find the steady state heat loss from fin region x=0.2 to x=1

Solution
Drawing a control volume around x=0.2 to X=1, Qin = Qout-
dT
On = KA
X x=0.2"

g should be continuous across the boundary

0, = —kAd—T = —kAd—T
X x=0.2" dX x=0.2"
PluginT
2\d(1—x—x?
Qi :_k(ﬂ-D j ( )|
4 dx
x=0.2"
kzD?
qn =~ 4 (_1_2)() x=0.2
kzD?
L= -1-0.4
G 7 )
q _1.4kizD2
in 4
2
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Qo =175.9



