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Thermodynamics and energetics |I: examples lecture, chapter 7

ideal gas B T
ex=u—uUy+po(v—7vy) —To(s—5S) = u—uy+ —(% — TO) - T, (SO(T) —s%(Ty) —

M
—ln (p )) with s°(T) = fT fc;fd
8.314

ex = 880.35 — 214.07 + —(“’1 1140 — 300) — 300 (3.11883 —1.70203 —
8311, (L)) = 368.91k]/kg

29 1.013

ex; —exy = Uy — Uy + po(v, — 1) — To(S2 — S1)
= 2559.5 — 631.68 + 105(0.3928 —1.0905 - 10_3)/1000 —293(6.8379 — 1.8418)
— 502.38K] /kg
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o e
% ~m po(vy —v1) = p(vy, — v1) — Po(v2 — V1) e v
= 147.21k] /kg
Exa _ _ fox + X _EXw _ (3 _, gince reversible
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3, -0 K
1t law: 0 —/0‘7/\{/1/ +m(hy — hy) + m(hz — hy) — = Tj’/«rz
h,= h,+ h - h,=1068.89+ 617.5- 888.27= 798.15kJ/kg \ .
— T4=778K Ta
=0 - Ty -2t o

Exergy balance: 0 = ), (1 - & Q; —)/V +m(exs, — exs,) + m(exss — exsq) — Exy
]
h(exy,1 — exyz) = m(hy < hy — To(s1 — 52))

= Th(hl —hy =T <S(T1) s(T2) — 5lTl (p1>>> = —14.1MW

D2
h(exyz — exp4) = m(hy — hy — To(s3 — s4))

— <h3 by =T, <S(T3) s(T,) — —ln (p3)>> — 16.93MW

Pa
Exy; = m(exf,l - exf,z) + m(exf,3 - exf,4) = 2.83MW

Alternative:
2™ Jaw: 0 = Z/%Z_l_ Yms; — Y ms, + 6—d = m(sy, — S3) + m(s, —s1) = (S(T4) -

s(T3) — —l ( )) + 12 (s°(T;) = s°(Ty) — El (Z)) = 9.431k] /kg
Exy = Ty = 2.83MW
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h1=3105.6kJ/kg; s1=7.53k]/kg/K — h23s= 2743kJ/kg
Isentropic efficiency: (hy — hy) = 15 (g) = Ut,s(h1 - hz,s) — hy=2833.7kl/kg;
S

Z = (hy — hy) = 271.95K]/kg — s2=7.74kJ/kg/K

m
2" law: 5, — 51 = - = 0.211K] /kg/K
Exergy balance: ex; — exs, = %+ TO% = 335.25Kk] /kg
Exergy efficiency: €., = W — 819 S b [ bl
exf’]_—exflz —
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