Energy Conservation(cont.)

Example: Superheated water vapor is entering the steam turbine with a mass
flow rate of 1 kg/s and exhausting as saturated steamas shown. Heat loss from
the turbine is 10 kW under the following operating condition. Determine the

power output of the turbine.

P=1.4 Mpa From superheated vapor table:
T=350° (F:) — h|n=31495 kJ/kg
V=80 m/s 40 VE V2 dw
10 k z=10m —+m(h+—+9z),, =Mh+—+09z) ,, + —
W N dt ( 2 g )ln ( 9 9 )out dt
dd—V:/ =(—10) + (1)[(3149.5—-2748.7)
, . 2 EN2 .
i i N 80° —50 N (9.8)(10 5)]
2(1000) 1000
P=0.5 Mpa ! =—-10+400.8+1.95+0.049
100% saturated steam
V:S(; m/su \ = 392.8(kW)
Z=5m

From saturated steam table: h,,=2748.7 kJ/kg




Appendix C

Saturated Steam

i+

= Thermodynamic Properties of Water

- (Steam Tables)
f-liquid phase  g-vapor phase

Table C-1 \Pmperties of Saturated H,O—Temperature Table

Volume, m3ng Energy, kI /kg Enthalpy, kJ /kg Entropy, kJ /kg - K
o X
T, C P, MPa vf v: us U, hy kg h, 5¢ Ste 5,
0.010 0.0006113 0.001000 206.1 0.0 23753 0.0 2501.3 2501.3 0.0000 9.1571 9.1571
2 0.0007056 0.001000 179.9 8.4 2378.1 8.4 2496.6 2505.0 0.0305 9.0738 9.1043

5 0.0008721 0.001000 147.1 21.0 23822 21.0 24895 25105 0.0761 8.9505 9.0266
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- These properties are all dependent: specify one to determine all
(because they are in a saturation state)

e Liquid and vapor phases coexist, the total mass of the mixture, m,
Is the sum of the liquid mass and the vapor mass: m=mg+m,, The
ratio of the mass of vapor to the total mass is called the quality of
the mixture: x=m,/m



Total volume is the sum of liquid volume and vapor volume:

V = Vi+ V= my+ myv,, where v is the specific volume or 1/p.
[V =m(1/p) = mv]

Vim=v =V/m+V /m=(mdm)vi+ (m/m)v,

= [(m-mg)/m]v¢ + (M /m)v,
= (1-X)VetXV = Ve + X(V-Vg) = Vg + XVgy, WHere Vg, = V-V

Similarly, all other saturated thermodynamic properties can be
expressed in the same manner:

Ex: internal energy: u = (1-x)ugHXu,= Ug + X(Ug-Ug) = Ug+ XU,

since U = U; + U, = mue+ myu,



Saturated Steam Table hg, (kJ/kg)
p (Mpa) h, (kJ/kg) l hy (kJ/Kg)
I f W e
140 0.3613 0.031080 0.5089 588.7 2550.0 589.1 21448 27339 1.7395 5.1912 6.9307

150 0.4758 0.001090 0.3928 631.7 25595 6322 21142 [2746.4| 1.8422 49965 6.8387
160 0.6178 0.001102 0.3071 6749 2568.4 6755 2082.6 [2758.1| 1.9431 4.8079 6.7510

170 0.7916 0.001114 0.2428 718.3 25765 719.2 207 2768.7 2.0423 4.6249 6.6672

hy(p=0.5 Mpa) = 2746.4 + (2758.1-2746.4)/(0.6178-0.4758)*(0.5-0.4758)
=2748.4 kJ/kg for 100% quality saturated vapor

Example: If the quality is 50% and the temperature is 150° C
hi=632.2, hyy=2114.2, h, = 2746.4
h=(1-x) hy + X hy=(1-0.5)(632.2) + 0.5(2746.4)
= 1689.3 (kJ/kg)
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THERMODYNAMIC PROPERTIES OF WATER (STEAM TABLES) [AP]
Fable C-3 (Continued)
P, MPa Temperaiure °C
(T, "O) 150 200 250 300 350 460 450 500 550 600 700 800
i v, m? ks 02060 02327 02579 | 0.2825 0.3364 03541 0377 04011 04478 04943
(1799  u, ki ke 26219 27099 27932 | 28752 30402 31243 32098 32968 34754 36605
kK /kg 28279 29426 30512 | 31577 3370.7 34784 35875 36979 39231 415438
5, kI/kg K 6.6948 69255 7.1237 | 7.3019 76188 77630 7.8996 80298 82740 8.5005
1.5 v, m° /K 0.1325 0.0520 0.1697 | 0.1866 0.2192 ©0.2352 02510 0.2668 02981 0.3292
(198.3) u ki/kg 25981 26953 27831 | 28676 30353 31203 32064 32939 34732 36587
A, %I /kg 2796.8 29232 30376 | 31474 33641 34730 35829 36940 39203 41526
s, kI/kg K 64554 67098 6.91 7.1025 74249 75706 77083 7.8393 80846 83118

h(p=1.5MPa, T=350°C)=3147.4 kJ/kg

h(p=1.4MPa, T=350°C)=3157.7+(3147.7-3157.7)*(0.4/0.5)

h(p=1MPa, T=350°C)=3157.7 k/kg

=3149.7 (kJ/kg)



Compressed Liquid
Tabile C-4 Compressed Liquid
P = 5 MPa (263.99) P = 10 MPa (311.06)

T v U h 5 I3 7] h 5

0 0.0009977 0.04 504 0.0001 00009952 009 10.04 0.0002
20 0.0009995 83.65 8865 02956 0.0009972 8336 9333 0.2945
40 00010056 16695 17197 05705 00010034 16635 17638 0.5686
60 00010149 25023 25530 0.8285 00010127 24936 25949 0.3258
80 00010268 33372 33885 10720 0.0010245 33259 34283 1.0683

100 0.0010410 417.52 42272 1.3030 0.0010385 41612 426,50 1.2992
120 0.0010576 501.80 507.09 15233 0.0010549 50008 510.64 1.5189

 Similar to the format of the superheated vapor table
e In general, properties are not sensitive to pressure, therefore, can treat the
compressed liquid as saturated liquid at the given TEMPERATURE.

e Given: Pand T: VEVgr UZU;g7,S =St g7

 But not h, since h=u+pv, and it depends more strongly on p. It can be
approximated as h ~ hf@T +V, (p _ psat)



