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	The feedwater heating cycle with reheat is one of the variations of the basic Rankine cycle.  In this cycle, a fraction of the steam from the high-pressure turbine exit is withdrawn and sent to the feedwater heater.

This fraction of the steam that is sent to the feedwater heater is computed from a mass and energy balance around the feedwater heater.  The steam that does not go to the feedwater heater is reheated before going to the low-pressure turbine.


Calculate the efficiency of this cycle for the following data: the outlet pressure and temperature from the steam generator are P5 = 10 MPa and T5 = 500 C; the pressure of the feedwater heater is 300 kPa; the reheat temperature, T7 = 450 C, and the condenser pressure is 10 kPa.
We can apply the basic cycle assumptions to get state points.  The diagram has only one state point between devices; this is consistent with the first idealization that there are no differences in state between the outlet of one device and the inlet to a subsequent device.  The assumption that there is no pressure drop in heat transfer devices gives us the following state points: P4 = P5 = 10 MPa; P6 = P7 = P2 = P3 = PFWH = 300 kPa; P1 = P8 = 10 kPa.  The assumption of isentropic work devices is used below to compute the turbine and pump work terms.  The assumption that the exit from two-phase systems is a saturated liquid means that both state 1 and state 3 are saturated liquids.  With these idealizations, we can proceed as follows.

h1 = hf(P1 = Pcond = 10 kPa) = 191.81 kJ/kg
v1 = vf(P1 = Pcond = 10 kPa) = 0.001010 m3/kg

|wP1| = v1(P2 – P1) = (0.001010 m3/kg)(300 – 10 kPa) (kJ/kPa(m3) = 0.29 kJ/kg

h2 = h1 + |wP1| = 191.81 kJ/kg + 0.29 kJ/kg = 192.10 kJ/kg

h3 = hf(P3 = PFWH = 300 kPa) = 561.43 kJ/kg
v3 = vf(P3 = PFWH = 300 kPa) = 0.001073 m3/kg

|wP2| = v3(P4 – P3) = (0.001067 m3/kg)(10000 – 300 kPa) (kJ/kPa(m3) = 10.41 kJ/kg

h4 = h4 + |wP2| = 561.43 kJ/kg + 10.41 kJ/kg = 571.84 kJ/kg

h5 = h(10 MPa, 500oC) = 3375.1 kJ/kg

s5 = s(10 MPa, 500oC) = 6.5995 kJ/kg(K

h6 = h(P6 = PFWH = 300 kPa, s6 = s5 = 5.5995 kJ/kg(K)  is in mixed region,


[image: image1.wmf]kg

kJ

kg

kJ

K

kg

kJ

K

kg

kJ

K

kg

kJ

kg

kJ

P

h

P

s

P

s

s

P

h

P

h

x

P

h

h

FWH

fg

FWH

fg

FWH

f

FWH

f

FWH

fg

FWH

f

4

.

2565

5

.

2163

3200

.

5

6717

.

1

5995

.

6

43

.

561

)

(

)

(

)

(

)

(

)

(

)

(

5

6

6

=

×

×

-

×

+

=

-

+

=

+

=


h7 = h(300 kPa, 450oC) = 3381.1 kJ/kg

s7 = s(300 kPa, 450oC) = 8.1809 kJ/kg(K

h8 = h(P8 = Pcond = 10 kPa, s8 = s7 = 8.1809 kJ/kg(K) is found by interpolation between data at 50oC and 60oC
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In this cycle there are three distinct mass flow rates at different points in the cycle.  These are shown in the equations below.  (Here, 
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represents the reheat mass flow rate through the steam generator and 
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represents the mass flow into the feedwater heater.)
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Taking a mass and energy balance around the feedwater heater gives the following relation for the mass flow ratio.  We can substitute the enthalpy values found above to compute this ratio.
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We can compute the heat input rate for the steam generator, for both the initial heating and the reheat process.  Note that the mass flow rates for these two processes are different.
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The power output from the two turbine stages is given by the following equation, which accounts for the differences in mass flow rate in the two stages.
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Finally, the total power input to the pumps is computed by accounting for the differences in mass flow rates.
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We now have the necessary information to compute the cycle efficiency.
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We can divide by the mass flow rate, 
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to get the following equation for the efficiency in terms of the mass flow rate ratio that we found from our analysis of the feedwater heater.
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We could have found the same result if we had set 
[image: image15.wmf]a
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=1, 
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= f, and 
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= 1 – f. Substituting the values found for the enthalpies in the cycle and the mass flow rate ratio gives the efficiency as follows:
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 = 43.3%
What is the heat transfer in the condenser?  Show that the basic cycle relation, |QH| = |QL| + |W| is satisfied for this cycle.  You will have to account for different mass flow rates in different parts of the cycle to do this.

The condenser heat transfer, per unit mass, is h1 – h8.  The heat transfer rate from the condenser is 
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.  In computing the efficiency we divided the numerator and denominator of the efficiency equation by
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.  If we divide the condenser heat transfer by
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 we get the following result.
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On a similar basis (heat rate or work rate divided by
[image: image23.wmf]a
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, we can express |qH| and |w| as follows.
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On this common basis of heat rates and work rates per unit mass flow at point 3, the first entrance to the steam generator, we see that the sum of the work plus the low temperature heat transfer, |w| +|qL| = 1463.3 kJ/kg + 2028.7 kJ/kg = 3492.0 kJ/kg, which is the same as |qH|.  Thus, the relationship that |qH| = |w| +|qL| is satisfied, provided that each of these is defined on a common mass flow rate basis.  (If we were given a value for 
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, we would be able to compute the actual heat and work rates (in units of kW) and show that these rates satisfied the basic cycle relation, expressed in terms of rates.)
Note that the calculation of the condenser heat transfer also provides an easier way to compute the efficiency as  = 1 - |qL|/|qH|.
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