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Lel de Fourier (conducdo de calor)
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Inventdrio de energia: primeira lei da termodindmica
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Problemas unidimensionais
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O conceijto de resisténcia térmica:
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O conceijto de resisténcia térmica:
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Exemplo: dissipacdo de calor em fransistores

20°C

Copper

plate Plexiglas cover
70°C

Four identical power transistors with aluminum casing are attached on
one side of a 1cm thick 20 x 20 cm square copper plate (k = 386
W/m/°C) by screws that exert an average pressure of 6 MPa. The base
area of each transistor is 8 cm?, and each transistor is placed at the
center of a 10 x 10 cm quarter section of the plate. The interface
roughness is estimated to be about 1.5 um. All fransistors are covered
by a thick Plexiglas layer, which is a poor conductor of heat, and thus
all the heat generated at the junction of the fransistor must be
dissipated to the ambient at 20°C through the back surface of the
copper plate. The combined convection/radiation heat transfer
coefficient at the back surface can be taken to be 25 W/m2/°C. If the
case temperature of the transistor is not to exceed 70°C, determine
the maximum power each transistor can dissipate safely, and the
temperature jump at the case-plate interface. (CG 3-5, pg. 142)

K =386W/m/°C

cobre

N — 42 KW /m? /°C

contato

h.  =25W/m?/°C
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Resisténcia térmica de contato

AN

/r YyYYyvyYyYvYYVYYY '\

™

Yy Yy yYYYYYY 17

N

Comprimindouma camada N
contra a outra produz
deformacoesno material e, por
conseguinte, umareducdo do

volume vazio devido a diminuicdo Interface —_|

da rugosidade superficial...

...OU Usa-se uma material de

preenchimento (pasta térmica).

Layer 1 C Layer 2

No
temperature
drop

Temperature
distribution

(a) Ideal (perfect) thermal contact (b) Actual (imperfect) thermal contact



Resisténcia térmica de contato

Q= hcon’ro’ro AAT
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TABLE 3-2
Thermal contact conductance of some metal surfaces in air (from various sources)
Surface Rough- Tempera- Pressure, h.*
Material Condition ness, im ture, °C MPa W/m? . °C
Identical Metal Pairs
416 Stainless steel Ground 2.54 90-200 0.3-2.5 3800
304 Stainless steel Ground 1.14 20 4-7 1900
Aluminum Ground 2.54 150 1.2-2.5 11,400
Copper Ground 1.27 20 1.2-20 143,000
Copper Milled 3.81 20 1-5 55,500
Copper (vacuum) Milled 0.25 30 0.7-7 11,400
Dissimilar Metal Pairs
Stainless steel- 10 2900
Aluminum 20-30 20 20 3600
Stainless steel— 10 16,400
Aluminum 1.0-2.0 20 20 20,800
Steel Ct-30- 10 50,000
Aluminum Ground 1.4-2.0 20 15-35 59,000
Steel Ct-30- 10 4800
Aluminum Milled 4.5-7.2 20 30 8300
5 42 000
Aluminum-Copper Ground 1.3-1.4 20 15 56,000
10 12,000
Aluminum-Copper Milled 4.4-4.5 20 20-35 22,000
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Geometrias cilindricas
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Raio critico de isolamento...

Insulation
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Exemplo: dissipacdo de calor em um cabo elétrico

A 3 mm diameter and 5 m long electric wire is tightly wrapped with a 2
mm thick plastic cover whose thermal conductivity is k= 0.15 W/m/°C.
Electrical measurements indicate that a current of 10 A passes through
the wire and there is a voltage drop of 8 V dlong the wire. If the

¢ insulated wire is exposed to a medium at T, = 30°C with a heat transfer
coefficient of h = 12 W/m2/°C, determine the temperature at the
) interface of the wire and the plastic cover in steady operation. Also
determine whether doubling the thickness of the plastic cover will
;z increase or decrease thisinterface temperature.(CG 3-9, pg. 154)
T2 * ®
Q=W=VI=@8V)(I0A)=80W
Q-i:l—'\/vw\/\/‘—?—’WWW‘—o I,
Rp]astic Rcom‘
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Exemplo: dissipacdo de calor em um cabo eléfrico
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Superficies aletadas: maximizando a remocdo de calor
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Superficies aletadas: maximizando a remocdo de calor
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Superficies aletadas: maximizando a remocdo de calor
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Superficies aletadas: maximizando a remocdo de calor
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