PROBLEM 1.9

KNOWN: Heat flux at one face and air temperature and convection coefficient at other face of plane
wall. Temperature of surface exposed to convection.

FIND: If steady-state conditions exist. If not, whether the temperature is increasing or decreasing.
SCHEMATIC:
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q 20 W/m ! T.= 30°C

| | h = 20 W/im?-K

ASSUMPTIONS: (1) One-dimensional conduction, (2) No internal energy generation.

ANALYSIS: Conservation of energy for a control volume around the wall gives

dE . . .
*= Ein - Eout + Eg
dt

%:q{gA—hAﬁs 1) =[q - (T, -T )] A

=[ 20 W/m? - 20 W/m* - K(50°C - 30°C) | A =380 W/m’A

Since dEg/dt = 0, the system is not at steady-state. <

Since dEg/dt < 0, the stored energy is decreasing, therefore the wall temperature is decreasing. <

COMMENTS: When the surface temperature of the face exposed to convection cools to 31°C, q;, =
Jout and dEg/dt = 0 and the wall will have reached steady-state conditions.
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