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

Over a time interval At : Ein — Eout + Egen = AEgtoreq (Joules)
Rate Equation at any instant : Ein — Eout + Egen = Estorea (Watts)
Surface Energy Balance : YEiqn =Y Egue (Watts)

Heat Diffusion Equations (differential elements)

Cartesian coordinates: ( ) < T)+6(6T)+ oT
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The heat flux vector from Fourier’s Law is q” = —kVT
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Convection rate (Watts) from solid surface at T;: q = hA;(Ts — Ty)
Radiation from small gray surface of emissivity ¢ inside large enclosure at Tyyy: ¢ = €6Ag(T* — Tat 1)
Resistance analog for steady conduction with no thermal generation : q= AT __
Resistance

Steady-state 2-D Conduction with no thermal generation and Shape FactorS: q =Sk AT,_,
Biot number: Bi = hL:/k Fourier Number: Fo = at/L%
Semi-Infinite solid solutions:

Constant surface temperature Ty :
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Where n = x/(4at)!/?
Constant Surface Heat Flux gy':
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Surface Convection:
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1-D Transient Exact Solutions for Planar, Cylindrical, Spherical Systems with Convection Boundary Condition

Plane wall Infinitely long cylinder Sphere

1 .
— sin({,r*)

= ; Cn exp(—{ZFo) cos({yx*) | 6* = ; C,exp(—=¢2F0)]o(¢,r®) | 6% = nZ::l C, exp(—(%Fo)(

~ 6 T-T,
Where 0* = — = =
0 Ti-Te




