






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Simple thermal examples - wwiki

Jul 11, 2010 - Demonstration of the heat equation Apply the first principle of thermodynamics. â–³E = â–³U ... c is the specific heat capacity (JKg-1K-1). U(t + dt) ... 

















 Télécharger le PDF 






 70KB taille
 1 téléchargements
 397 vues






 commentaire





 Report
























Simple thermal examples [email protected] July 11, 2010 Abstract Some simple examples of thermal analysis are developed.



1



Lagrangian description



Consider scalar field f M = f (M 0, t) and vector vector field g M = g(M0, t) Let speed v. For scalar field f



df ∂f = + v.gradf dt ∂t ∂f df = + v.∇f dt ∂t



(1)



For vector field g ∂g dg = + v.gradg dt ∂t dg ∂g = + v.∇g dt ∂t Demonstration



Let use Taylor series in 2 variables. f (x, y) = f (a, b) +



+



∂f ∂f (a, b)(x − a) + (a, b)(y − b) ∂x ∂y



∂ 2f ∂2f 1 ∂2f [ 2 (x − a)2 + 2 (y − b)2 + 2 (a, b)(x − a)(y − b)] + O((x − a)3 ) + O((y − b)3 ) 2! ∂x ∂y ∂x∂y



So



∂f ∂f dx + dt + O(dx2 ) + O(dt2 ) ∂x ∂t ∂f ∂f dx + dt df (x, t) = f (x + dx, t + dt) − f (x, t) = ∂x ∂t df ∂f dx ∂f = + dt ∂t dt ∂x



f (x + dx, t + dt) = f (x, t) +



Thus we find :
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∂f df = + v.∇f dt ∂t



Thermal equation



Demonstration of the heat equation



Apply the first principle of thermodynamics. △E = △U + △Ec + △Ep = W + Q



△E is the global energy variation of system △U is the intern energy variation of system ( microscopic energy) △Ec is the kinematic energy variation of system 1



(2)



△Ep is the potential energy variation of system W is the work energy of system sharing with the external environment Q is the heat energy of system sharing with the external environement Let Ω system volume. δ delimited surface of volume. Assumptions : Ec = 0 Ω is motionless Ep = 0 Ω is motionless So: U (t + dt) − U (t) = δW + δQ



(3)



Consider : δW = 0 No work sharing Let ρ is the density of system (kgm-3) c is the specific heat capacity (JKg-1K-1) U (t + dt) − U (t) =



ZZZ



ρc(T (t + dt) − T (t))dΩ



Ω



U (t + dt) − U (t) =



ZZZ



ρc



∂T dtdΩ ∂t



Ω



Consider ϕQ is heat vector density (W.m-2) P is the heat volumic density (W.m-3) I ZZZ δQ = −( ϕQ .dδ)dt + ( P dΩ)dt δ



Use Green-Ostrogradsky theorem



ZZZ



Ω



divFdΩ =



Ω



So



ZZZ



ZZ



F.dδ



δ



ZZZ ZZZ ∂T dtdΩ = − ( divϕQ .dΩ)dt + ( P dΩ)dt ρc ∂t Ω



Ω



Ω



∀Ω divϕQ = −ρc



∂T +P ∂t



Consider Fourrier law of conduction ϕQ = −λgradT λ thermal conductivity (W.m-1.K-1) and we know : div(grad) = ▽2 = ∆(laplacien) Conduction heat equation −λ∆T = −ρc



∂T +P ∂t



(4)



Let a Coefficient of thermal diffusivity (m.s-2) λ Thermal conductivity (W.m-1.K-1) ρ Density (kg.m-3) c Heat capacity (J.kg-1.K-1) a=



λ ρ.c



∂T P = a.∆T + ∂t ρc 2



(5)
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Simple example



Consider a plate cooled by convection. Let Ω system volume. δ delimited surface of volume. Let convective Newton Law dQ = h.A(Tenv − T (t)) = −h.A(T (t) − Tenv ) dt Q Thermal energy (J) h Thermal heat transfert coefficient (W.m-2.K-1) A Surface of the heat being transferred (m2) T Temperature of the object’s surface (K) Tenv Temperature of the environment (K) Apply the first principle of thermodynamics. U (t + dt) − U (t) =



ZZZ



ρc



∂T dtdΩ ∂t



Ω



I δQ = −( h(T (t) − Tenv ).dδ)dt δ



So



ZZZ



ρc



I ∂T dtdΩ = −( h(T (t) − Tenv ).dδ)dt ∂t



Ω



δ



Ω δ are homogeneous , by integration : ρc



∂T Ω = −h(T (t) − Tenv ).δ ∂t m ρ= Ω



δ Surface of the heat being transferred (m2) m Masse of Ω (kg) m.c



∂T = −h(T (t) − Tenv ).δ ∂t



Set r=



h.δ mc



∂T = −r(T (t) − Tenv ) ∂t The solution of this differential equation gives: T (t) = Tenv + (T (0) − Tenv )e−rt Boundary conditions: t = 0s ⇒ T (0) Numerical example:



width length lengtha 1.2 m width 0.6 m thickness 0.003 m 3



thickness



ρ density 2500 Kg.m-3 c specific heat 720 J.Kg-1.K-1 λ thermal condcutivity (for information not used) 1 W.m-1.K-1 h natural heat transfert coefficient 5 W.m-2.K-1 Tenv environment temperature 293 K (20◦ C) T (0) initial plate temperature 383 K (110◦ C) δ Surface of the heat being transferred (m2) δ = 2.(lengtha.width + length.thickness + width.thikness)(m2) And the result.
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