
Balance de energía: V ρ C T’ = q ρ C T_i - q ρ C T_s + P

p = 1 kg/L
C = 1 kcal/kgC
Q = 10 L/seg

T_s = T
T_i = 15 C
V = 5000 L

P = 1000 kcal/seg

5000 T’ = 10 ( 15 - T ) + P

Actuador encendido: 5000 T’ = 10 ( 15 - T ) + 1000

T(0) = 68 grados  

500 T ’ + T = 115

T(0) = 68  

Laplace: 500 T(s) s - 500 * T(0) + T(s) = 115/s

t > 0

T(s) =                   115

 (s) * (500s + 1)
+

68

s + 1/500

Laplace ^-1:
T(t) = 115 ( 1- e            ) + 68 e

500 [ T(s) s - T(0) ] + T(s) = 115/s=

Condición
inicial

[ T(s) s - T(0) ] + T(s)/500 = 115/(500*s)

 T(s) [s + 1/500] - T(0)  = 115/(500*s)

 T(s)  = 68/(s+1/500) + 115/[ (500*s) * (s + 1/500) ]

-t/500 -t/500 T(t) = 115 - 47 e -t/500

T(t=A) = 72 grados = 115 - 47 e
-A/500

e                = 43 / 47-A/500 A = 44.5 seg

Actuador apagado: 5000 T’ = 10 ( 15 - T )

T(0) = 72 grados  

500 T’ = ( 15 - T )

T(0) = 72 grados  

Laplace: 500 ( T(s) s - 72 ) = 15/s - T(s)

500 ( T(s) s) + T(s) = 15/s + 500*72

 T(s) [500s + 1] = 15/s + 500*72

 T(s)                =              15                +        72

s(500s+1) (s+1/500)

Laplace ^-1: T(t) = 15 [ 1 - e           ] + 72 e
-t/500 -t/500

T (t=B) = 68 grados = 15 + 57 e-B/500

e            = 53/57
-B/500

B = 36,4 seg

PERÍODO DE OSCILACIÓN 
DE LA VÁLVULA DE VAPOR

A + B = 80.9 seg

Relé industrial = 100.000 conmutaciones = 100.000 * 80.9segundos = TIEMPO DE FALLA


