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Section E.10  Pressure-Enthalpy Diagram for Methane
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E.10 PRESSURE-ENTHALPY DIAGRAM FOR METHANE

(Source: NIST, Thermophysics Division, Boulder, CO, USA, used with permission.)
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Fig. 5.7 Modified Rankine Cycle with reheat

5.4 A modified Rankine Cycle uses reheat and
one closed feedwater preheater. The schematic is
a modification of Fig. 5.7 on page 206 obtained
by adding a reheater between the T-joint and
turbine Il. Letting steam 3 denote the inlet to the
reheater, and steam 3a denote the inlet to the
turbine, the conditions are given below. The plant
capacity is to be 80 MW. Other constraints are as
follows: The efficiency of each turbine stage is
85%, the pump efficiency is 80%; the feedwater
leaving the closed preheater is 5°C below the
temperature of the condensate draining from the
bottom of the closed preheater. For options
below, calculate:

a) the flowrate of stream 1;
b) the thermal efficiency of the plant;
c) the size of the feedwater pump (kW).

T, = 500°C, P, = 4 MPa, P, = 0.8 MPa,
T,, = 500°C, P, = 0.01 MPa
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Boiler
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Step 1. Make table, add all the given
values and find which streams are at the
same pressure.

T, =500°C, P, =4 MPa, P, = 0.8 MPa,

T,, =500°C, P, =0.01 MPa

P,=P.="P, boiler
P,= P;=Pg Feedwater preheater
P,= P.=P, condenser

4 5

stream  [T[°C] | P[Mpal | H[ki/kg] |S [k/keK] _
1 500 4

2/3
3a

O N o »u b

500

18-5
T8

0.8
0.8
0.01
0.01
4

4
0.8



3

—
~

Boiler

2

7

/N

6

3a

condenser

feedwater
preheater

superheated
2/3
superheated 33
4
saturated liquid 2
6
compressed liquid* 7
saturated liquid 8

Il
4
Py
B
X

500

165.41
170.41

0.8
0.8
0.01
0.01
4

4
0.8

Step 2. Determine state of fluids at as
many points as you can. For those
that are saturated liquid (stream
5&8) you can get H" and Stvalues
form the saturation pressure table.

stream  [T[C] [ P[Mpal | Hlki/kg] |S [k/keK] _
1 500 4

191.81 0.6492

720.86 2.0457

* You can calculate T, because you have found T, from saturation pressure table.



Boiler
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3a

condenser

—

feedwater
preheater

! pump

Il
4
| N
5
X

Step 3. Get the H and S values for
streams 1 & 3a.

mum

500

165.41
170.41

0.8
0.8
0.01
0.01
4

4
0.8

3446.0 7.0922

3481.3 7.8692

191.81 0.6492

720.86 2.0457



1
@ S 3a | Step 4. Get the H and S values for

> . Part 1: Reversible outlet (Stream 2’/3’) AS=0
Boller e Part 2: Irreversible outlet (Stream 2/3)
7 AN 6 //N//
it lpump 57/ . Turbine Efficiency for stage | of 0.85

6.6616 kJ/kgK
mnm MCTEREITIETE <™. <. superhested

3446.0 7.0922 Interpolate togetS, 3 & Hy s
2 /3’ 0.8 2978.83  7.0922 At 0.8 MPa:
. S',co= 7.0401 ki/kgK
2/3 0.8 3048.91 7.2201 S’3OO= 7.2345 kJ/kgK
3a 500 0.8 3481.3 7.8692 H' )50 =2950.4 ki/kg
A e H’,00 = 3056.9 kl/kg
H,. 5 = 2978.83 ki/kg
5 0.01 191.81 0.6492
6 4 AH’ = -467.17 ki/kg = W/’
W, = n*W,” = -397.09 kl/kg
7 165.41 4 s :
W, = AH = H, 5-H,
3 170.41 0.8 720.86 2.0457 H,/; = AH+H, = 3048.91 kl/kg

* Use interpolation again.
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Step 5. Get the H and S values for
Part 1: Reversible outlet (Stream 4’) AS=0
Part 2: Irreversible outlet (Stream 4)

Turbine Efficiency for stage Il of 0.85

mm. 5.=8.1488 )/ keK

2'/3’

2/3

3a 500

o

4

5

6

7 165.41
8 170.41

0.8
0.8
0.8
0.01
0.01
0.01
4

4
0.8

* Use interpolation again.

3446.0
2978.83
3048.91
3481.3
2488.18
2637.15
191.81

720.86

7.0922
7.0922
7.2201
7.8692
7.8692
8.3040*
0.6492

2.0457

S, V> S, saturated
CaIcuIate qtogetS, &H,
At 0.01 MPa:

S,t=0.6492 kJ/kgK

S,V =8.1488 kJ/kgK
qg=0.96

H,"=191.81 kl/kg
H,V=2583.86 ki/kg

H, =2488.18 ki/kg

AH’ =-993.12 kl/kg = W/’
W, = n*W,” = -844.15 ki/kg
W, = AH = H,-H,_

H, = AH+H,, = 2637.15 kl/kg
H,V < H, superheated



Step 6. Calculate H; and H, using H,, = H.*
+V:(AP) and H, = H,- +V H(AP)

1 m3 .
~

For Hg: V' =0.001010 m3/kg
He' = 191.81 ki/kg
: : - AP = 3.99 MPa

Il
4
e
22 l g For H,:  V.'=0.001108 m3/kg
feedwater g 9
X

2
Boiler condenser

preheater H6L = 697.24 k.l/kg
AP =4-0.70090 MPa
(Note, P, is P52t at 165 °C, V' is at P!

mnm

8

34460  7.0922
2/3 0.8 3048.91  7.2201
3a 500 0.8 34813  7.8692 pump Efficiency = 0.8
4 0.01 2637.15 83040 A - 4.03ki/kg= W
5 0.01 191.81 06492 W, =W./n =5.04 ki/kg
6 4 195.84 W, = AH = Hg-Hs
H = AH+H, = 196.85 ki/kg
6 4 196.85
7 16541 4 700.90

8 170.41 0.8 720.86 2.0457



mm

2/3

O N oo o b

500

0.8
0.8
0.01
0.01
4

165.41 4
170.41 0.8

Use the feedwater preheater EB: 11 (Hy; —

_ (H7—-He) _

my
my

Boiler:

(Hg—Hz)

Condenser: Q. = (Hg —

Reheater:

Q H=(H3a

3446.0  7.0922 iy thag
3048.91  7.2201 "'“;
34813 7.8692
2637.15  8.3040 -
191.81  0.6492 :
196.85
700.9
72086  2.0457
H¢) = —m,(Hg — Hy)
s "
ranes = 02165 T, = (175,

Hy)—

H2/3)

M3q

M3q

Qg = (H, — H;) = 2745.1 kJ/kg stream 1

Step 7. Calculate

,QB, Qc,and QRH

6

3a

condenser

Il
4
L]
B
X

——)_1—0217 0.7835

= —2445.34 kJ /kg * 0.7835 =-1915.9 kJ/kg stream 1

= 432.39 kJ/kg » 0.7835 = 338.78 kl/kg stream 1




mm

2/3

3a 500

4

5

6

7/ 165.41
8 170.41

0.8
0.8
0.01
0.01
4

4
0.8

3446.0
3048.91
3481.3
2637.15
191.81
196.85
700.9
720.86

7.0922
7.2201
7.8692
8.3040
0.6492

2.0457

Step 8. Calculate mq, Power =
80 MW = 80,000 kJ/s

—&

Boiler

7

6

3a

condenser

feedwater
preheater

Ws net — ml (WS turbine 1) + mSa(WS turbine 2) + ml (VVS pump)

W
my

=(Wsq) + (

= (Hz — H;

= (—397.09) + (0.7835)(—844.15) + (5.04) =

)=

my = Power/(

)+ (

W net
my

80000 kJ /s

1053.44k]
kg stream 1

st = (W) + 722 (Ws2) + (W pump) = (Wer) +
— m_l) (Ws2) + (Ws pump)
B Zl’t_i) (Hy — Hzq) + (Hg — Hs)

=‘75.94 kg/s

m1 my

1053.44 k]J
kg stream 1

Il
4
_ L=
B
X

(Wsz) + (We pump)




mm Step 9. Calculate thermal

3446.0 7.0922 efficiency and size of feedwater
2/3 0.8 3048.91  7.2201 pump (kW)
3a 500 0.8 34813  7.8692 ; @ , = (i
4 0.01 2637.15  8.3040 ] )
5 0.01 191.81  0.6492 B°"e’7 6 ==
6 4 196.85 A =
7 165.41 4 700.9 ot £L—57/
8 17041 0.8 720.86  2.0457 5 X4

Qy totar = (Qp+Qry)m, = (2745.1 + 338.78) ki/kg stream 1 * 75.94 kg/s

Qn torar = 234189.85 ki/s

. _ Wsnet _ 79998.23kj/s
Thermal Efficiency n = roral . 234189.85Kk)/5

Ws pump = (He — Hg)1hy = 5.04 ki/kg stream 1 * 75.94 kg/s =|382.74 kw




