5-74

5-96 Long cylindrical steel rods are heat-treated in an oven. The rate of heat transfer to the rods in the oven
is to be determined.

Assumptions 1 The thermal properties of the rods are constant. 2 The changes in kinetic and potential
energies are negligible.

Properties The density and specific heat of the steel rods are given to be p = 7833 kg/m’ and ¢, = 0.465
kl/kg.°C.

Analysis Noting that the rods enter the oven at a velocity of 3 m/min and exit at the same velocity, we can
say that a 3-m long section of the rod is heated in the oven in 1 min. Then the mass of the rod heated in 1
minute is

m=pV = pLA = pL(zD* / 4) = (7833 kg/m*)(3 m)[z(0.1m)* / 4] =184.6 kg

We take the 3-m section of the rod in the oven as

the system. The energy balance for this closed

system can be expressed as
Ein - Eout = AE

system

R —— N —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qin = AUvrod = m(MZ _ul) = mc(TZ - Ti)

Substituting,
O, = me(T, —T}) = (184.6 kg)(0.465 kJ/kg.°C)(700 —30)°C = 57,512 kJ

Noting that this much heat is transferred in 1 min, the rate of heat transfer to the rod becomes

O, = 0., /At = (57,512 kJ)/(1min) = 57,512 kJ/min = 958.5 KW
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