Problem 1

A furnace for a high temperature reactor is fueled by natural gas, and the hot exhaust
gases leave the furnace at a temperature of 1050 °C. You want to recover as much heat
as possible from the gases by producing high pressure steam, but due to some uplift in
the chimney is required you decide not to cool the gases below 150 °C. The produced
steam should have a pressure of 70 bar at the outlet, and it should be superheated to
600 °C. The temperature of the feed water is 20 °C.

a) Draw an T-H diagram for the process.

b) Calculate the amount of steam produced from 1 tonne (1000 kg) of exhaust gas.
What is the minimum temperature approach of the process.

c) If the hot exhaust gas has a temperature of 650 °C, draw T-H diagram and locate
where the pinch temperature is. How much steam can be produced from 1 tonne of
exhaust gas in this case.

d) Calculate the heat exchanger areas of the feed water heater, the evaporator and
the superheater at conditions as under b) when you burn 2 tonnes/h of natural gas
(calculated as pure methane) per hour with 10% surplus of air.
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Some data provided

e An enthalpy-entropy diagram for steam is attached

o Specific heat capacity for the exhaust gas may be set constant to c,gas = 1.113
kJ/(kg K) (The real values for gases are indeed increasing with temperature)

e Enthalpy of water:

— Enthalpy in the feed water: H, = 83.8 kJ/kg.
— Enthalpy in the water at the evaporation temperature: H; = 1267 kJ/kg
— Enthalpy of evaporation for the water at bp.(70 bar, 285 °C): AHy,, = 1506
kJ/kg
e The overall heat transfer coeflicients:

— In the feed water heater: U = 60 W/(m?K)
— In the evaporator: U = 50 W/(m?K)
— In the steam superheater: U = 40 W/(m?K)
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