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3-52 (Çengel) A 4-m-high and 6-m-wide wall consists of a long
18-cm x 30-cm cross section of horizontal bricks (k = 0.72 W/m ·
°C) separated by 3-cm-thick plaster layers (k = 0.22 W/m · °C).
There are also 2-cm-thick plaster layers on each side of the
wall, and a 2-cm-thick rigid foam (k = 0.026 W/m · °C) on the
inner side of the wall. The indoor and the outdoor
temperatures are 22°C and -4°C, and the convection heat
transfer coefficients on the inner and the outer sides are h1 =
10 W/m2 · °C and h2 = 20 W/m2 · °C, respectively. Assuming
one-dimensional heat transfer and disregarding radiation,
determine the rate of heat transfer through the wall.
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7–24 (Çengel) A 15-cm  15-cm circuit board dissipating 15 W of power uniformly is cooled
by air, which approaches the circuit board at 20°C with a velocity of 5 m/s. Disregarding
any heat transfer from the back surface of the board, determine the surface temperature
of the electronic components (a) at the leading edge and (b) at the end of the board.
Assume the flow to be turbulent since the electronic components are expected to act as
turbulators.
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Correlações empíricas para escoamento sobre placa plana:
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Adimensionalização das equações de escoamento sobre uma placa plana...
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Démarche: 1) chutar um valor para Tmédia, 

2) avaliar as propriedades (Tmed), (Tmed), etc.

3) calcular Tend supondo h(x) = h(Tmed) = cte

4) reavaliar Tmed, sendo diferente iterar
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Obs.: diferentes versões 
do Refprop resultando 

em pequenas diferenças 

nas propriedades...
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Démarche: 1) subdividir a placa e N elementos

2) cada elemento dissipa Qk = kQ/N

3) Tmed média das temperaturas nodais:

4) análogo Chuck Norris

k=3

k=N

3/18.0

xx PrRe0296.0Nu =


−

=

=
1k

0j

j

Hip

k,med T
k

1
T





0

100

200

300

400

500

600

0

5

10

15

20

25

30

35

40

45

50

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16

c
o
e
f.
c
o
n
ve

c
ç
ã
o
 
(W

/m
2
/°

C
)

te
m

p
e
ra

tu
ra

 
(°

C
)

posição (m)



0

100

200

300

400

500

600

0

5

10

15

20

25

30

35

40

45

50

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16

c
o
e
f.
c
o
n
ve

c
ç
ã
o
 
(W

/m
2
/°

C
)

te
m

p
e
ra

tu
ra

 
(°

C
)

posição (m)

44.71°C45.86°C

O coeficiente de convecção decai exponencialmente 
ao longo da placa. Deste modo. estimá-lo pelo valor 

da temperatura média aritmética, resulta em um valor 

subestimado e, consequentemente, a temperatura 
final é superestimada.



9–31/32 (Çengel) Thick fluids such as asphalt and waxes and the pipes in which they flow
are often heated in order to reduce the viscosity of the fluids and thus to reduce the
pumping costs. Consider the flow of such a fluid through a 100-m-long pipe of outer
diameter 30 cm in calm ambient air at 0°C. The pipe is heated electrically, and a
thermostat keeps the outer surface temperature of the pipe constant at 25°C. The emissivity
of the outer surface of the pipe is  = 0.8, and the effective sky temperature is -30°C.
1) Determine the power rating of the electric resistance heater, in kW, that needs to be
used. Also, determine the cost of electricity associated with heating the pipe during a 10-h
period under the above conditions if the price of electricity is $0.09/kWh.
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9–31/32 (Çengel) Thick fluids such as asphalt and waxes and the pipes in which they flow
are often heated in order to reduce the viscosity of the fluids and thus to reduce the
pumping costs. Consider the flow of such a fluid through a 100-m-long pipe of outer
diameter 30 cm in calm ambient air at 0°C. The pipe is heated electrically, and a
thermostat keeps the outer surface temperature of the pipe constant at 25°C. The emissivity
of the outer surface of the pipe is  = 0.8, and the effective sky temperature is -30°C.
1) Determine the power rating of the electric resistance heater, in kW, that needs to be
used. Also, determine the cost of electricity associated with heating the pipe during a 10-h
period under the above conditions if the price of electricity is $0.09/kWh.
2) To reduce the heating cost of the pipe, it is proposed to insulate it with sufficiently thick
fiberglass insulation (k = 0.035 W/m · °C) wrapped with aluminum foil ( = 0.1) to cut down
the heat losses by 85 percent. Assuming the pipe temperature to remain constant at 25°C,
determine the thickness of the insulation that needs to be used. How much money will the
insulation save during this 10-h period?
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Equacionamento do problema:
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Solução pelo método de “bracketing”
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Solução por iteração funcional:
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Solução por iteração funcional:



www.youtube.com/pseleghim                                                                                 


