DGD – 4                 16-Tut-4-S

Water is fed to a boiler at 54(C and 10 bar and then, at constant pressure, is converted to saturated steam.  (a) Use the steam tables to calculate (H (kJ/kg) for this process, and then (b) calculate the heat necessary to  produce 15 000 m3/h of steam, at this conditions ]MJ/s].  Assume that the kinetic energy of the water at the entrance to the boiler is negligible and that the steam leaves the boiler through a pipe having an internal diameter of 15 cm.  (similar to  Question 7.26, 3FR-346, Question 7-29 4-FR-389)

1. (H to change phase from liquid to vapour

liquid water at 54(C and 10 bar at the entrance 

^H(50(C – 10 bar) = 210.1 kJ/kg

^H(75(C – 10 bar) = 314.7 kJ/kg

    x – 210.1    =  54 – 50  =  4  = 0.16

314.7 – 210.1    75 – 50      25

      104.7

  x  = 210.1 + 0.16*104.7 = 210.1 + 16.8  

      = 226.9 kJ/kg

Saturated steam at the exit 

^H(179.9(C 10 bar) = 2776.2 kJ/kg

(H necessary to change phase - liquid to vapour 

(H = ^H(179.9(C 10 bar) – ^H(75(C – 10 bar)

      = 2776.2 kJ/kg – 226.9 kJ/kg

      = 2549.3 kJ/kg

2.Kinetic energy at the exit

Internal diameter of the pipe at the exit = 15 cm

= 0.15 m

Internal area of pipe =((/4*d) = 3.1416 * (0.15 m)2 

    4

   = 0.01767 m2   .

v = 15 000 m3 / h  *   1 h    =  235.8 m / s

       0.01767 m2     3600 s

Basis of calculation = 1 kg saturated steam at the 

exit 

½ m v2 = ½ *1 kg * (235.8 m / s)2 = 27.802 kg m m

s

            =  27.8 *103  N m =  27,8  kJ  .

 

          kg                kg 

3.Total energy of saturated steam at the exit

2549.3 kJ + 27.8  kJ  =  2577.1  kJ  .

            kg             kg
                kg

4. Heat required to produce 15 000 m3/h

Amount of saturated steam at the exit

^V(179.9(C 10 bar) = 0.194 m3/kg

15 000  m3  *    1 kg     *    1 h   = 21,4  kg  .


  h      0.194 m3   3600 s             s

Heat to produce 15 000 m3/h

21,4  kg  * 2477,1  kJ  = 55.15  MJ  .

          s
       kg

     s

