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 Intro to heat transfer and Transport Laws

 Heat diffusion equation; Thermal conductivity and diffusivity

 Types of boundary conditions; Planar and cylindrical (1D) solutions

 Thermal resistance; Bi Number

 Intro to Thermal Circuits

Learning Objectives:
 Identify the types of heat transfer mechanisms

 Derive the general heat diffusion equation; Understand material parameters

 Identify the possible boundary conditions; Express them mathematically

 Calculate the temperature profile in a planar or cylindrical wall

 Calculate the thermal resistances; Calculate the Bi number

 Solve 1D problems using thermal circuits



Transport Laws
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Newton’s LawFourier’s Law Stefan-Boltzmann Law

𝒒𝒒𝒒 = −𝒌𝒌
𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅 𝒒𝒒𝒒 = �𝒉𝒉 (𝑻𝑻𝒔𝒔 − 𝑻𝑻∞) 𝑸𝑸𝒓𝒓𝒓𝒓𝒓𝒓 = 𝜺𝜺𝜺𝜺𝑨𝑨𝒔𝒔(𝑻𝑻𝟒𝟒 − 𝑻𝑻𝒔𝒔𝒔𝒔𝒔𝒔𝟒𝟒 )

Conduction Convection Radiation



Heat Diffusion Equation – 3D
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Non-isothermal! 𝛻𝛻2𝑇𝑇 +
𝑞̇𝑞
𝑘𝑘

=
1
𝛼𝛼
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

Assumption 1: incompressible medium
Assumption 2: medium at rest (no convection) 
Assumption 3: isotropic material 
Assumption 4: k is independent of T

To solve the equation we need:

• Initial condition: T t = 0 = 𝑇𝑇𝑖𝑖 𝑥𝑥, 𝑦𝑦, 𝑧𝑧
• Boundary conditions

Assumption 5: steady-state ( ⁄𝝏𝝏 𝝏𝝏𝝏𝝏 = 𝟎𝟎)

Assumption 6: no heat sources (𝒒̇𝒒 = 𝟎𝟎)

𝜵𝜵𝟐𝟐𝑻𝑻 = 𝟎𝟎



Heat Diffusion Equation – Boundary Conditions
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B.C. of the 1st kind (Dirichlet condition): 
constant surface temperature 

𝑇𝑇 𝑟𝑟 𝑟𝑟=𝑟𝑟𝑖𝑖 = 𝑇𝑇𝑤𝑤

B.C. of the 2nd kind (Neumann condition): 
known heat flux

−𝑘𝑘
𝜕𝜕𝑇𝑇
𝜕𝜕𝑥𝑥 𝑥𝑥=𝑥𝑥𝑖𝑖

= 𝑞𝑞𝑤𝑤"

−𝑘𝑘
𝜕𝜕𝑇𝑇
𝜕𝜕𝑥𝑥 𝑥𝑥=𝑥𝑥𝑖𝑖

= 0

B.C. of the 3rd kind (Robin condition): 
convection surface condition

−𝑘𝑘
𝜕𝜕𝑇𝑇
𝜕𝜕𝑥𝑥

𝑥𝑥𝑖𝑖

= ℎ 𝑇𝑇 𝑥𝑥𝑖𝑖 , 𝑡𝑡 − 𝑇𝑇∞ (adiabatic)

First derivative Heat flux



Heat Diffusion Equation – 1D, steady-state, no-heat sources, Dirichlet’s BC
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𝑇𝑇(𝑥𝑥) =
𝑇𝑇2 − 𝑇𝑇1

𝐿𝐿
𝑥𝑥 + 𝑇𝑇1

Planar Wall

𝑇𝑇 𝑟𝑟 =
𝑇𝑇1 − 𝑇𝑇2

ln( ⁄𝑟𝑟1 𝑟𝑟2)
ln

𝑟𝑟
𝑟𝑟2

+ 𝑇𝑇2

𝑟𝑟1 𝑟𝑟2

r 𝑇𝑇1

𝑇𝑇2

Logarithmic T!!

Radial System

Linear T !!

T1

T2

0 L



Heat Diffusion Equation – 1D, steady-state, no-heat sources, Dirichlet’s BC
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𝑇𝑇(𝑥𝑥) =
𝑇𝑇2 − 𝑇𝑇1

𝐿𝐿
𝑥𝑥 + 𝑇𝑇1

Planar Wall

𝑇𝑇 𝑟𝑟 =
𝑇𝑇1 − 𝑇𝑇2

ln( ⁄𝑟𝑟1 𝑟𝑟2)
ln

𝑟𝑟
𝑟𝑟2

+ 𝑇𝑇2

𝑟𝑟1 𝑟𝑟2

r 𝑇𝑇1

𝑇𝑇2

Radial System

T1

T2

0 L

Q, q’’

𝑄𝑄 = −𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = −

𝑘𝑘𝑘𝑘
𝐿𝐿 𝑇𝑇2 − 𝑇𝑇1 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑞𝑞𝑞 = ⁄𝑄𝑄 𝐴𝐴 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑄𝑄 = −𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = −

𝑘𝑘 2𝜋𝜋𝑟𝑟𝑙𝑙
ln ⁄𝑟𝑟1 𝑟𝑟2

𝑇𝑇2 − 𝑇𝑇1
𝑟𝑟 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑞𝑞=Q/(2πrl)=q"(𝑟𝑟) ≠ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

L= length



Thermal Resistance
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𝑄𝑄 =
𝑇𝑇1,𝑠𝑠 − 𝑇𝑇2,∞𝑠𝑠𝑠𝑠𝑠𝑠

𝑅𝑅𝑡𝑡𝑡

T1,s
T 2,∞,sur

Rth

𝑸𝑸

Conduction:

Radiation:
1

ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝐴𝐴

Convection:
1
ℎ𝐴𝐴

𝐿𝐿
𝑘𝑘𝑘𝑘

Planar Wall Radial System

𝑙𝑙𝑙𝑙( ⁄𝑟𝑟2 𝑟𝑟1)
2𝜋𝜋𝐿𝐿𝑘𝑘

1
ℎ2𝜋𝜋𝜋𝜋𝜋𝜋

1
ℎ𝑟𝑟𝑟𝑟𝑟𝑟2𝜋𝜋𝜋𝜋𝜋𝜋

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐
′ = 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝐿𝐿

𝑅𝑅𝑡𝑡𝑡" = 𝑅𝑅𝑡𝑡𝑡𝐴𝐴𝑞𝑞𝑞 =
𝑄𝑄
𝐴𝐴 =

𝑇𝑇1,𝑠𝑠 − 𝑇𝑇2,∞𝑠𝑠𝑠𝑠𝑠𝑠

𝐴𝐴𝐴𝐴𝑡𝑡𝑡
=

𝑇𝑇1,𝑠𝑠 − 𝑇𝑇2,∞𝑠𝑠𝑠𝑠𝑠𝑠

𝑅𝑅"𝑡𝑡𝑡

𝑞𝑞′ =
𝑄𝑄
𝐿𝐿 =

𝑇𝑇1,𝑠𝑠 − 𝑇𝑇2,∞𝑠𝑠𝑠𝑠𝑠𝑠

𝑙𝑙𝑙𝑙𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐
=

𝑇𝑇1,𝑠𝑠 − 𝑇𝑇2,∞𝑠𝑠𝑠𝑠𝑠𝑠

𝑅𝑅′𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐



Thermal Resistance
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R1 R2 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑅𝑅1 + 𝑅𝑅2+. . = �𝑅𝑅𝑖𝑖



Thermal Resistance
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LA LB

kA kB

h

T4

T1
T2

T3

kA kB>

𝑄𝑄𝑥𝑥

𝑘𝑘𝐴𝐴 = 100 �𝑊𝑊 𝑚𝑚𝑚𝑚
𝑘𝑘𝐵𝐵 = 0.1 �𝑊𝑊 𝑚𝑚𝑚𝑚

𝑇𝑇1 = 900𝐶𝐶 = 1173𝐾𝐾
𝑇𝑇4 = 10𝐶𝐶 = 283𝐾𝐾

𝐿𝐿𝐴𝐴 = 10 𝑐𝑐𝑐𝑐 = 0.1𝑚𝑚
𝐿𝐿𝐵𝐵 = 50 cm = 0.5m

ℎ = 50 �𝑊𝑊 𝑚𝑚2𝐾𝐾

A = 4𝑚𝑚2

𝑄𝑄𝑥𝑥 =
𝑇𝑇1 − 𝑇𝑇2
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴

=
𝑇𝑇2 − 𝑇𝑇3
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐵𝐵

=
𝑇𝑇3 − 𝑇𝑇4
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐵𝐵

�1
ℎ𝐴𝐴�𝐿𝐿𝐵𝐵

𝑘𝑘𝐵𝐵𝐴𝐴�𝐿𝐿𝐴𝐴
𝑘𝑘𝐴𝐴𝐴𝐴



Thermal Resistance
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LA LB

kA kB

h

T4

T1
T2

T3

kA kB>

𝑄𝑄𝑥𝑥

𝑘𝑘𝐴𝐴 = 100 �𝑊𝑊 𝑚𝑚𝑚𝑚
𝑘𝑘𝐵𝐵 = 0.1 �𝑊𝑊 𝑚𝑚𝑚𝑚

𝑇𝑇1 = 900𝐶𝐶 = 1173𝐾𝐾
𝑇𝑇4 = 10𝐶𝐶 = 283𝐾𝐾

𝐿𝐿𝐴𝐴 = 10 𝑐𝑐𝑐𝑐 = 0.1𝑚𝑚
𝐿𝐿𝐵𝐵 = 50 cm = 0.5m

ℎ = 50 �𝑊𝑊 𝑚𝑚2𝐾𝐾

A = 4𝑚𝑚2

Q = 708.6 W,  T2 = 899.8 C, T3 = 13.54 C  

𝑄𝑄𝑥𝑥 =
𝑻𝑻𝟏𝟏 − 𝑻𝑻𝟒𝟒
𝑹𝑹𝒕𝒕𝒕𝒕𝒕𝒕,𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

=
𝑇𝑇1 − 𝑇𝑇4

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴 + 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐵𝐵 + 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑹𝑹𝒕𝒕𝒕𝒕𝒕𝒕

𝑄𝑄𝑥𝑥 =
𝑇𝑇1 − 𝑇𝑇2
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴

=
𝑇𝑇2 − 𝑇𝑇3
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝐵𝐵

=
𝑇𝑇3 − 𝑇𝑇4
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐



This Lecture
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 Overall Heat Transfer Coefficient

 Bi number

 Thermal Circuits 

Learning Objectives:
 Understand the Overall Heat Transfer Coefficient

 Solve 1D steady state heat transfer problems without heat 

sources using thermal circuits



Overall Heat Transfer Coefficient
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LA LB

kA kB

h

T4

T1
T2

T3

kA kB>

𝑄𝑄𝑥𝑥

𝑸𝑸𝒙𝒙 =
𝑇𝑇1 − 𝑇𝑇4
𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= 𝑼𝑼𝑼𝑼 𝑻𝑻𝟏𝟏 − 𝑻𝑻𝟒𝟒

𝑈𝑈 =
1

𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐴𝐴
=

1
𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
"

U = Overall heat transfer coefficient

𝑹𝑹𝒕𝒕𝒕𝒕𝒕𝒕

𝑘𝑘𝐴𝐴 = 100 �𝑊𝑊 𝑚𝑚𝑚𝑚
𝑘𝑘𝐵𝐵 = 0.1 �𝑊𝑊 𝑚𝑚𝑚𝑚

𝑇𝑇1 = 900𝐶𝐶 = 1173𝐾𝐾
𝑇𝑇4 = 10𝐶𝐶 = 283𝐾𝐾

𝐿𝐿𝐴𝐴 = 10 𝑐𝑐𝑐𝑐 = 0.1𝑚𝑚
𝐿𝐿𝐵𝐵 = 50 cm = 0.5m

ℎ = 50 �𝑊𝑊 𝑚𝑚2𝐾𝐾

A = 4𝑚𝑚2



This Lecture
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 Overall Heat Transfer Coefficient

 Bi number

 Thermal Circuits 

Learning Objectives:
 Understand the Overall Heat Transfer Coefficient

 Solve 1D steady state heat transfer problems without heat 

sources using thermal circuits



Biot Number

15

T∞

𝑄𝑄 =
𝑇𝑇1 − 𝑇𝑇2
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

=
(𝑇𝑇2−𝑇𝑇∞)
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑇𝑇1 − 𝑇𝑇2
(𝑇𝑇2 − 𝑇𝑇∞) =

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

≡ 𝐵𝐵𝐵𝐵

𝑩𝑩𝑩𝑩 ≡
𝒉𝒉𝒉𝒉
𝒌𝒌

Note: L can be generalized to be a characteristic 
dimension of a body (e.g. diameter of a sphere)

T1

T2

0 L

𝑄𝑄

∆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

∆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠/𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

�1
ℎ𝐴𝐴�𝐿𝐿 𝑘𝑘𝐴𝐴



Biot Number
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T∞

T1
T2

0 L

𝑄𝑄

∆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠~∆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠/𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑩𝑩𝑩𝑩 ≡
𝒉𝒉𝒉𝒉
𝒌𝒌 ~𝟏𝟏

T∞

T1
T2

0 L

𝑄𝑄

∆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ≫ ∆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠/𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑩𝑩𝑩𝑩 ≡
𝒉𝒉𝒉𝒉
𝒌𝒌 ≫ 𝟏𝟏

T∞

T1
T2

0 L

𝑄𝑄

∆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ≪ ∆𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠/𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑩𝑩𝑩𝑩 ≡
𝒉𝒉𝒉𝒉
𝒌𝒌 ≪ 𝟏𝟏

Solid has ~constant temperature



This Lecture
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 Overall Heat Transfer Coefficient

 Bi number

 Thermal Circuits 

Learning Objectives:
 Understand the Overall Heat Transfer Coefficient

 Solve 1D steady state heat transfer problems without heat 

sources using thermal circuits



Thermal Circuits

18

R1 R2 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑅𝑅1 + 𝑅𝑅2+. . = �𝑅𝑅𝑖𝑖

R1

R2

1
𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

=
1
𝑅𝑅1

+
1
𝑅𝑅2

+. . = �
1
𝑅𝑅𝑖𝑖

Q1

Q2
Q3

Q4 Kirchoff’s 1st Law:

�𝑄𝑄𝑖𝑖 = 0 𝑄𝑄𝑖𝑖 > 0 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑄𝑄𝑖𝑖 < 0 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
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𝑄𝑄𝑥𝑥 =
𝑇𝑇1 − 𝑇𝑇2
𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡

Draw the electrical circuit equivalent to this heat conduction problem.

Reduce it to a single resistor.

Insulating layer



Did you draw this circuit?

A. Yes
B. No
C. I could not 

draw a circuit
20

𝑄𝑄𝑥𝑥 =
𝑇𝑇1 − 𝑇𝑇4
𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡

Thermal Circuits
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𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑅𝑅𝐸𝐸 + 𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝,𝐹𝐹−𝐺𝐺 + 𝑅𝑅𝐻𝐻

𝑄𝑄𝑥𝑥 =
𝑇𝑇1 − 𝑇𝑇4
𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡

𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝,𝐹𝐹−𝐺𝐺 =
1
𝑅𝑅𝐹𝐹

+
1
𝑅𝑅𝐺𝐺

−1

𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝,𝐹𝐹−𝐺𝐺

Insulating layer
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𝑇𝑇0 = 10𝐶𝐶 = 283𝐾𝐾
𝑇𝑇3 = 35𝐶𝐶 = 208𝐾𝐾

𝑟𝑟1 = 10 𝑐𝑐𝑐𝑐 = 0.1𝑚𝑚
𝑟𝑟2 = 15 cm = 0.15m
𝑟𝑟3 = 30 cm = 0.3m

ℎ = 50 �𝑊𝑊 𝑚𝑚2𝐾𝐾

𝑘𝑘𝐴𝐴 = 100 �𝑊𝑊 𝑚𝑚𝑚𝑚
𝑘𝑘𝐵𝐵 = 0.1 �𝑊𝑊 𝑚𝑚𝑚𝑚

L = 10𝑚𝑚

• Draw the temperature profile
• Draw the equivalent circuit

T1
T2

T3

T0 h

kA
kB

rr1 r2 r3



Which temperature profile did you draw?

A. A
B. B
C. None of them
D. I could not draw any T profile

23

T1
T2

T3

T0 h

kA
kB

rr1 r2 r3

A B



Did you draw this equivalent circuit?

A. Yes
B. No
C. I could not draw any circuit

24

T1
T2

T3

T0 h

kA
kB

rr1 r2 r3

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐵𝐵

T0 T3
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𝑇𝑇0 = 10𝐶𝐶 = 283𝐾𝐾
𝑇𝑇3 = 35𝐶𝐶 = 208𝐾𝐾

𝑟𝑟1 = 10 𝑐𝑐𝑐𝑐 = 0.1𝑚𝑚
𝑟𝑟2 = 15 cm = 0.15m
𝑟𝑟3 = 30 cm = 0.3m

ℎ = 50 �𝑊𝑊 𝑚𝑚2𝐾𝐾

𝑘𝑘𝐴𝐴 = 100 �𝑊𝑊 𝑚𝑚𝑚𝑚
𝑘𝑘𝐵𝐵 = 0.1 �𝑊𝑊 𝑚𝑚𝑚𝑚

L = 10𝑚𝑚

Hint: first reduce the equivalent electrical circuit to a single resistor.

• Calculate Q and U
• Calculate T1, T2

T1
T2

T3

T0 h

kA
kB

rr1 r2 r3
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𝑇𝑇0 = 10𝐶𝐶 = 283𝐾𝐾
𝑇𝑇3 = 35𝐶𝐶 = 208𝐾𝐾

𝑟𝑟1 = 10 𝑐𝑐𝑐𝑐 = 0.1𝑚𝑚
𝑟𝑟2 = 15 cm = 0.15m
𝑟𝑟3 = 30 cm = 0.3m

ℎ = 50 �𝑊𝑊 𝑚𝑚2𝐾𝐾

𝑘𝑘𝐴𝐴 = 100 �𝑊𝑊 𝑚𝑚𝑚𝑚
𝑘𝑘𝐵𝐵 = 0.1 �𝑊𝑊 𝑚𝑚𝑚𝑚

L = 10𝑚𝑚

T1
T2

T3

T0 h

kA
kB

rr1 r2 r3

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐵𝐵

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
1

ℎ2𝜋𝜋𝑟𝑟𝐿𝐿 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑙𝑙𝑙𝑙( ⁄𝑟𝑟2 𝑟𝑟1)

2𝜋𝜋𝜋𝜋𝜋𝜋

𝑸𝑸𝒓𝒓 =
𝑻𝑻𝟎𝟎 − 𝑻𝑻𝟑𝟑
𝑹𝑹𝒕𝒕𝒕𝒕𝒕𝒕,𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

= 𝑈𝑈𝑈𝑈 𝑇𝑇0 − 𝑇𝑇3

𝑄𝑄𝑟𝑟 =
𝑇𝑇0 − 𝑇𝑇1

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐

𝑄𝑄𝑟𝑟 =
𝑇𝑇1 − 𝑇𝑇2

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴
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T1
T2

T3

T0 h

kA
kB

rr1 r2 r3

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐵𝐵

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
1

ℎ2𝜋𝜋𝜋𝜋𝜋𝜋 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑙𝑙𝑙𝑙( ⁄𝑟𝑟2 𝑟𝑟1)

2𝜋𝜋𝜋𝜋𝜋𝜋

𝑄𝑄𝑟𝑟 =
𝑇𝑇0 − 𝑇𝑇3
𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= −220.7𝑊𝑊

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0.0032𝐾𝐾/𝑊𝑊
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴 = 0.000065𝐾𝐾/𝑊𝑊
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐵𝐵 = 0.11𝐾𝐾/𝑊𝑊

𝑈𝑈𝑈𝑈 =
𝑄𝑄𝑟𝑟

𝑇𝑇0 − 𝑇𝑇3
= 8.8𝑊𝑊/𝐾𝐾

𝑈𝑈(𝑟𝑟) =
𝑈𝑈𝑈𝑈
2𝜋𝜋𝜋𝜋𝜋𝜋

UA is a constant of the system. 
However, if the area is not constant, 

U depends on the position!!

𝑈𝑈𝑟𝑟𝑟 =

𝑈𝑈𝑟𝑟𝑟 =
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𝑇𝑇0 = 10𝐶𝐶 = 283𝐾𝐾
𝑇𝑇3 = 35𝐶𝐶 = 208𝐾𝐾

𝑟𝑟1 = 10 𝑐𝑐𝑐𝑐 = 0.1𝑚𝑚
𝑟𝑟2 = 15 cm = 0.15m
𝑟𝑟3 = 30 cm = 0.3m

ℎ = 50 �𝑊𝑊 𝑚𝑚2𝐾𝐾

𝑘𝑘𝐴𝐴 = 100 �𝑊𝑊 𝑚𝑚𝑚𝑚
𝑘𝑘𝐵𝐵 = 0.1 �𝑊𝑊 𝑚𝑚𝑚𝑚

L = 10𝑚𝑚

T1
T2

T3

T0 h

kA
kB

rr1 r2 r3

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐵𝐵

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
1

ℎ2𝜋𝜋𝜋𝜋𝜋𝜋 𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑙𝑙𝑙𝑙( ⁄𝑟𝑟2 𝑟𝑟1)

2𝜋𝜋𝜋𝜋𝜋𝜋

𝑄𝑄𝑟𝑟 =
𝑇𝑇0 − 𝑇𝑇3
𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= −220.7𝑊𝑊

𝑇𝑇1 = 10.7𝐶𝐶

𝑇𝑇2 = 10.714𝐶𝐶

𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0.0032𝐾𝐾/𝑊𝑊
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐴𝐴 = 0.000065𝐾𝐾/𝑊𝑊
𝑅𝑅𝑡𝑡𝑡,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑐𝑐𝑐𝑐𝑐𝑐,𝐵𝐵 = 0.11𝐾𝐾/𝑊𝑊
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A thin silicon chip of area 100 mm2 at a uniform temperature Tc is bonded to a
8mm thick aluminum substrate by a thin epoxy layer whose thermal resistance
per unit area is 𝑅𝑅𝑒𝑒" = 0.9 𝑚𝑚2𝐾𝐾/𝑊𝑊. The exposed surfaces of the chip and the
aluminum substrate are cooled by air at 25C with a convection coefficient of
100W/m2K. If the chip produces 104 W/m2, is its temperature below the safety
limit of 85C ?

• Draw the equivalent electrical circuit 
indicating the heat fluxes, temperatures 
and thermal resistances



Thermal Resistance of a Composite Wall (Example)
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This Lecture
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 Overall Heat Transfer Coefficient

 Bi number

 Thermal Circuits 

Learning Objectives:
 Understand the Overall Heat Transfer Coefficient

 Solve 1D steady state heat transfer problems without heat 

sources using thermal circuits



Next Lecture

32

 1D steady-state conduction with heat sources

 Introduction to Fins

Learning Objectives:
 Solve 1D steady state heat conduction problems in different 

geometries, with heat sources
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