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• General Thermal Energy Balance Equation 

(Rate of heat in) + (Rate of heat generation) = (Rate of heat out) + (Rate of heat 
accumulation) 

𝑞𝑥|𝑥 + 𝓆̇(Δ𝑥. 𝐴) = 𝑞𝑥|𝑥+Δ𝑥  +  𝜌 𝐶𝑝
𝜕𝑇
𝜕𝑡  (Δ𝑥. 𝐴) 

  

 

• At steady-state with no heat generation: 

              (Rate of heat in) = (Rate of heat out)  

𝑞𝑥|𝑥 =  𝑞𝑥|𝑥+Δ𝑥 
 

• Fourier's Law of Heat Conduction: 

Rate of a transfer process = 
Driving force

𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
 

 

𝑞𝑥

𝐴 = − 𝑘 
𝑑𝑇
𝑑𝑥  

 

 

 

 
 

• For the case of steady-state heat transfer through a flat wall of constant 
cross-sectional area, A: 

𝑞𝑥

𝐴 =  ∫ 𝑑𝑥
𝑥2

𝑥1

= − 𝑘 ∫ 𝑑𝑇
𝑇2

𝑇1

  

 

𝑞𝑥

𝐴 (𝑥2 − 𝑥1 ) =  − 𝑘 (𝑇2 −  𝑇1) 

 T: Temperature [=] K 

X: Distance [=] m 

K: Thermal conductivity [=] W/m. K 

A: Cross-sectional area normal to direction of heat flow [=] 
𝑚2 

𝑞𝑥: Heat-transfer rate in x-direction [=] W 

𝑞𝑥

𝐴
: Heat flux [=] W/𝑚2 

𝑑𝑇
𝑑𝑥

: Temperature gradient in the x-direction. 

 



 
 

• When the fluid outside the solid surface is in forced or natural 
convective motion, we express the rate of heat transfer from the solid to 
the fluid, or vice versa, by: 

𝑞 = ℎ 𝐴 (𝑇𝑤 − 𝑇𝑓) 

 

• Conduction Heat Transfer  
 
A. Through a Flat Slab or Wall 

 

 

𝑅 =  
𝛥𝑥
𝑘𝐴 

             

 B. Through a Hollow Cylinder 

 

 

𝑅 =
𝑟2 − 𝑟1

𝑘𝐴𝑙𝑀
 =  

𝑙𝑛(𝑟2/𝑟1)
2𝜋𝑘𝐿   

 

          

  C. Through a Hollow Sphere 

 

 

 

𝑅 =
( 1
𝑟1

−  1
𝑟2

)

4𝜋𝑘    

q: Heat-transfer rate [=] W 

h: Convective heat-transfer coefficient [=] W/𝑚2.K 

A: Area [=] 𝑚2 

𝑇𝑤: Temperature of solid surface [=] K 

𝑇𝑓: Average (bulk) temperature of the fluid flowing by [=] K 

 

 

 

[=] K/W 

[=] K/W 

 

[=] K/W 

 

𝑞 =  𝑇1 − 𝑇2
𝛥𝑥
𝑘𝐴

 

 

𝑞 =  
𝑇1 − 𝑇2
𝑟2 − 𝑟1
𝑘𝐴𝑙𝑀

 

 

𝑞 =  
𝑇1 − 𝑇2

( 1
𝑟1

− 1
𝑟2

)
4𝜋𝑘

 

 



 
 

• CONDUCTION THROUGH SOLIDS IN SERIES 

 

 

 

 

 

 

 

 

 

 

 

• Conduction Through Materials in Parallel 
𝑞𝑇 =  𝑞1 + 𝑞2  
If 𝑇1=𝑇2, and 𝑇3= 𝑇4 
 
 
 
 

• Combined Convection and Conduction and Overall Coefficients 

𝑞 =  
𝑇1 − 𝑇4

∑ 𝑅 =  
𝑇1 − 𝑇4

1
ℎ𝑖𝐴 + 𝛥𝑋𝐴

𝑘𝐴𝐴 + 1
ℎ0𝐴

=  𝑈𝐴𝛥𝑇𝑜𝑣𝑒𝑟𝑎𝑙𝑙  

𝑈𝑖 =  
1

𝐴𝑖  ∑ 𝑅 

 

𝑞 =
𝑇1 −  𝑇4

∑ 𝑅  

 

𝑅 =
𝑟2 −  𝑟1

𝑘𝐴𝑙𝑀
 𝑅 =  

𝛥𝑥
𝑘𝐴

 

 

𝑞
𝑇=( 1

𝑅1
+ 1

𝑅2
)(𝑇1−𝑇2) 



 
 

• Conduction with Internal Heat Generation 
 
 Plane wall                                                                          Cylinder                                                     
 

 

 

 

 

 

• Critical Thickness of Insulation for a Cylinder 

      𝑞 = 2𝜋𝐿(𝑇1−𝑇0)
𝑙𝑛(𝑟2/𝑟1)

𝑘 + 1
𝑟2ℎ0

 

 

(𝑟2)𝑐𝑟 =
𝑘
ℎ0

 

 

• Useful Dimensionless numbers 
 
 
 

• For laminar Flow 

 

• For Turbulent Flow  

𝑇 = − 
𝑞̇

2𝑘 𝑥2 +  𝑇0 

𝑇0 =  
𝑞̇

2𝑘 𝐿2 + 𝑇𝑤  

𝑇 =
𝑞̇

4𝑘 (𝑅2 − 𝑟2) +  𝑇𝑤  

𝑇0 =  
𝑞̇

4𝑘 𝑅2 +  𝑇𝑤  

 

•if 𝑟2< (𝑟2)𝑐𝑟, adding more insulation will increase the heat-
transfer rate 𝑞 

•if 𝑟2> (𝑟2)𝑐𝑟, adding more insulation will decrease the heat-
transfer rate 𝑞 

 

𝑅𝑒 =
𝜌 𝜐 𝐷

𝜇  𝑝𝑟 =
𝜇/𝜌

𝑘/𝜌𝑐𝑝
=  

𝑐𝑝𝜇
𝑘

 𝑁𝑢 =
ℎ 𝐷

𝑘
 

𝑁𝑢 =
ℎ𝑎 𝐷

𝑘
= 1.86 (𝑅𝑒 𝑃𝑟 

𝐷
𝐿

)
1
3 (

𝜇𝑏

𝜇𝑤
)0.14 

 

𝑁𝑢 =
ℎ𝐿 𝐷

𝑘
= 0.027𝑅𝑒0.8𝑃𝑟

1
3 (

𝜇𝑏

𝜇𝑤
)0.14 



 
 

• Log Mean Temperature Difference and Varying Temperature Drop 
 

 

 

 

 

 

 

 

 
• Absorptivity and Black Bodies 

 
➢ For Opaque Bodies  

 

 

 

➢ For Black Bodies  
 
 
 

• Radiation from a Body and Emissivity 

  

∆𝑇𝑙𝑀 =
∆𝑇2 − ∆𝑇1

𝑙𝑛(∆𝑇2/∆𝑇1)
 

𝜌 + 𝛼 = 1 
𝜌: reflectivity or fraction 

reflected 

𝛼: absorptivity or fraction 
absorbed 

𝜌=0, 𝛼=1  

𝑞 =  𝐴 𝜀 𝜎 𝑇4 

 
q: heat flow [=] W 

A: Surface Area of a body [=] 𝑚2 

𝜀: Emissivity, and it’s 1 for a black body 

𝜎: Constant = 5.676 ×10−8[=] W/𝑚2. 𝐾4 

T: Temperature of the body [=] K 



 
 

 

• The net heat of absorption 

 

 

 

• A further simplification is usually made for engineering purposes, 
by using one emissivity of the small body at temperature 𝑇2, 𝜀 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

𝑞 =  𝐴1𝜀1𝜎 𝑇1
4 −  𝐴1𝛼12𝜎𝑇2

4 =  𝐴1𝜎(𝜀1𝑇1
4 −  𝛼12𝑇2

4) 

𝑞 = 𝐴1𝜀 𝜎(𝑇1
4 − 𝑇2

4) 



 
 

• Thermal Conductivities of Some Materials at 101.325 kPa (1 
atm) Pressure (k in W/m. K) 

 



 
 

• Convective-Heat-Transfer Coefficient 

 

• Heat Transfer Properties of Liquid Water, SI Units 



 
 

 
• Physical Properties of Air at 101.325 kPa (1Atm), SI Units  

 
 
 

• Dimensions of Standard Steel Pipe 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

• Different Emissivities  
 


