34.11 A heat recovery system repurposes waste heat from an industrial
process in the form of hot flue gas (¢, = 0.2522%). 2x10°%= of 1000°F
flue gas is available from the process. Prior to entering a gas tur-
bine, the flue gas undergoes supplmental heating with 100,000%
of natural gas initially at 70°F’ being combusted at constant pres-

sure. Natural gas has a higher heating value of 17, OOOJIE;ﬂ and a
specific heat capacity of 0.724,
the flue gas after combustion?

4270°F

What is the final temperature of

4480°F
4730°F
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Start by calculating how much heat is added in the combustor by burning the natural gas. The
heat added is the product of the mass flow rate of fuel and the heating value.

Qcombustion - mfuel (HHV)

Bt Bt
) (17,000") —1.7x 109h—“
.

l m

: lb,
Qcombustian = <1007000 A

n
r

Most of this heat will go toward heating the flue gas, however some will be used up in raising
the temperature of the fuel itself from its initial temperature up to the starting temperature of the

flue gas. Caclulate this quantity and subtract from the heat of combustion to determine how much
heat is added to the flue gas.
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Use Q = e, AT for the flue gas and calculate the exit temperature. Consider the entering flue
gas as State 1 and the exiting flue gas as State 2.

Qflue = mfluecpAT = mfluecp (TQ - Tl)
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1.635 x 10% B
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Answer A
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