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Saturated steam is used to heat a stream of ammonia, (NH3), as indicated in the diagram below.  The saturated steam enters the exchanger at a pressure of 5 bar.
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The steam condenses inside the exchanger and leaves as saturated liquid at 36(C.  Ammonia (NH3) enters the exchanger at 30(C and 8 bar, and then is heated at constant pressure to 100(C.  The ammonia flow-rate is 50 kg/s.  The specific enthalpy of at a pressure of 8 bar is 1512.6 kJ/kg (at 30(C) and 1689.4 kJ/kg (at 100(C), relative to a common reference.  Use the steam tables to determine the following:

(a)How much heat [MJ/s] is needed to heat the ammonia from 30 to 100(C?

(b)What flow-rate of steam [m3/s] is needed to heat the ammonia?  Assume that the ammonia gains all the heat lost by the steam (no heat leak to the environment).

Tutorial 5    NH3 heated by steam in a tubular heat exchanger

To heat the ammonia from 30 to 100(C

QNH3 = (HNH3 = mNH3 * (HNH3-IN – HNH3-OUT)

            = 50 kg NH3/s * ( 1689.4 – 1512.6) kJ/kg NH3  .

                                                176.8

            = 8.840 * 103 kJ/s = 8.840 MJ/s = 8.840 MW

Amount of steam required

QH2O = (HH2O = mH2O * (HH2O-IN – HH2O-OUT)

                    HH2O-IN = 2747.5 kJ/kg – saturated steam at 5 bar Table B6    FRB-646

                    HH2O-OUT = 150.7 kJ/kg – saturated steam at 36(C Table B5   FRB-642

(HNH3 = (HH2O = mH2O * (HH2O-IN – HH2O-OUT)

8.84 MJ/s = mH2O * (2747.5 – 150.7) kJ/kg

                                       2596.8

mH2O =   8.840  MJ/s   =  3.404 kg/s

             2596.8 kJ/kg

Specific volume of saturated steam at 5 bar = 0.375 m3/kg   Table B6   FRB-646

F H2O = 3.404 kg/s * 0.375 m3/kg = 1.277 m3/s

