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Solution to Exercise Nr. 10: Solar Thermal Power
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2) Condenser outlet at saturated steam conditions:

3
T, =310K =36.85°C , x, = 0— Steam tables (interpolation): p, = 0.0624bar , h =154.4::—‘] , v, =1.0067-10-3 T:—
g g

3
Pump outlet: p, =150bar— h,, =h, —h =v,-(p, - p, ) =1.0067-10-3 rn—~(150—O.0624 )bar = 15.1k—J,
2 21 2 1 2 1 kg kg

kJ
Ay =y + by = 16950

Solar receiver outlet at superheated steam conditions (no pressure drop through receiver):

p; = p, =150bar, T, =800K =526.85°C — Steam tables (interpolation): h, = 3382.1:z—‘]
g

Turbine outlet at saturated steam conditions (no pressure drop through condenser):

P, = p, =0.0624bar , x, =0.8, T, =T, =36.85°C — Steam tables (interpolation): h, , = 2413.5%
“h, = h; 4 =(154.4+0.8-2413.5 k‘]—20852k‘]
sy =t +x,-hy , =(154.4+0.8- .)E— E
kJ
3) hy, =h,—h, =3212.6—
) 32 3 2 kg
hy;=h,—hy = —1296.9:—‘]
kJ
h,=h—-h, :—1930.86

K
hyy =hy =y =15.17
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Heliostat Field

Solar-Receiver

hgp = 3212.6 kl/kg
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p; = 150 bar
T,=800K
h; =3382.1 kdkg

p, = 150 bar
T,=312K
h, =169.5 kd/kg

Pump

h,s = -1296.9 kd/kg

Turbine

p, =0.0624 bar
T,=310K

h, =2085.2 kd/kg
X, =0.8

Condenser
h,, =-1930.8 kJkg

p; =0.0624 bar
T,=310K
h, =154.4 kd/kg

h,, = 15.1 kJKkg

= 7.80k—g = 28.1i
S h

o —W ' - . W, 10MW
4) Wel :WTurbine _WPumpe =(|h43|—|h21|)m - M= |h |_elh = G
43 | 21| (1296.9-15.1)
kg
5) Qg =M-hy, = 7.80k—g~3212.6t—‘] =251 MW
S g
6 Nabsorpton = Qsolar _.Qreradiated _ 1_[61—4 ] _ 1_[5.67 .10-8 -8004 ] _95.7%
) Qsolar IpC 1000-0.9-600
; ' ' : Q 25.1MW
7) Qnet = Qsolar _Qreradiated - Q50|a,- = et _ 0.057 =26.2MW
absorption .
8) Ahe| ot _ QSO|ar — M — 29100m2 Sn= M ~ 291
: Ip  1kw/m2.0.9 |
W
9 n=—-4_-= 10 MW =34.4%
I Ao 1KW/m2-29100m?
300K
10) Ncarnot =41~ 5780K =94.8%

Sources of energy losses:
errors)

radiation losses in the solar receiver
Rankine cycle

imperfections of the solar concentration system (heliostat reflectivity, shadowing, blocking, angular and tracking



