
  

Energy Balance for Lumped Control Volume (Generally applicable for Biot # < 0.1) 

Over a time interval t :    𝐸𝑖𝑛 − 𝐸𝑜𝑢𝑡 + 𝐸𝑔𝑒𝑛 = Δ𝐸𝑠𝑡𝑜𝑟𝑒𝑑  (Joules) 

Rate Equation at any instant :   𝐸̇𝑖𝑛 − 𝐸̇𝑜𝑢𝑡 + 𝐸̇𝑔𝑒𝑛 = 𝐸̇𝑠𝑡𝑜𝑟𝑒𝑑  (Watts) 

 

Surface Energy Balance :   ∑ 𝐸̇𝑖𝑛  = ∑ 𝐸̇𝑜𝑢𝑡   (Watts) 
 

 

Heat Diffusion Equations (differential elements) 
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The heat flux vector from Fourier’s Law is 𝒒⃗⃗ ” =  −𝑘∇𝑇 

Cartesian Cylindrical Spherical 
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Convection rate (Watts) from solid surface at 𝑇𝑠:     𝑞 = ℎ𝐴𝑠(𝑇𝑠 − 𝑇∞) 

Radiation from small gray surface of emissivity 𝜀 inside large enclosure at 𝑇𝑠𝑢𝑟𝑟 : 𝑞 = 𝜀𝜎𝐴𝑠(𝑇
4 − 𝑇𝑠𝑢𝑟𝑟

4 ) 

Resistance analog for steady conduction with no thermal generation :  𝑞 = 
Δ𝑇

Resistance
 

Steady-state 2-D Conduction with no thermal generation and Shape Factor S : 𝑞 = 𝑆 𝑘 Δ𝑇1−2  

Biot number: 𝐵𝑖 = ℎ𝐿𝐶/𝑘    Fourier Number: 𝐹𝑜 = 𝛼𝑡/𝐿𝐶
2  

Semi-Infinite solid solutions: 

Constant surface temperature 𝑇𝑠 : 
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Where 𝜂 ≡ 𝑥/(4𝛼𝑡)1/2 

Constant Surface Heat Flux 𝑞𝑠
′′:  
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1-D Transient Exact Solutions for Planar, Cylindrical, Spherical Systems with Convection Boundary Condition 

Plane wall Infinitely long cylinder Sphere 
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