PROBLEM 5.16

KNOWN: Thickness and properties of furnace wall. Thermal resistance of film on surface
of wall exposed to furnace gases. Initial wall temperature.

FIND: (a) Time required for surface of wall to reach a prescribed temperature, (b)
Corresponding value of film surface temperature.

SCHEMATIC:
E;é%i’iKT ? " Carbon steel, T;=300K
Rg=107m?-KIW T,;i=1200K
o Lo K :
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(k) " R; e———>-L=10mm

ASSUMPTIONS: (1) Constant properties, (2) Negligible film thermal capacitance, (3)
Negligible radiation.

PROPERTIES: Carbon steel (given): p = 7850 kg/m3, ¢ =430 Jkg-K, k=60 W/m-K.

ANALYSIS: The overall coefficient for heat transfer from the surface of the steel to the gas

-1 -1
U=(Ript) * = irel o — 1 10?mlkw| =20 wim? k.
h 25 W/m? - K

UL 20 W/m?-Kx0.01m

k 60 W/m-K
and the lumped capacitance method can be used.

(@) It follows that

Bi = =0.0033

Tl _ exp(~t/7¢) =exp(-t/RC) = exp(-Ut/pLc)
Ti _Too
__plc, T-T, __ 7850 kg/m®(0.01m)430 J/kg - K 12001300
U T-T, 20 Wim2 -K 3001300
t = 38865 =1.08h. <

(b) Performing an energy balance at the outer surface (s,0),
h(Too —Ts,o) = (Ts,o —Ts,i )/ Rf

ChT,+Tgi/RE 25 Wim? - K x1300 K +1200 K/102m? - K/W
510 - ”n -
h+(1/Rt) (25+100) W/m? - K

TS,O =122O K. <

COMMENTS: The film increases z; by increasing Ry but not Cy.
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