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9-179 A gas-turbine plant operates on the regenerative Brayton cycle with reheating and intercooling. The back work ratio,
the net work output, the thermal efficiency, the second-law efficiency, and the exergies at the exits of the combustion
chamber and the regenerator are to be determined.

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are negligible. 3 Air is
an ideal gas with variable specific heats.

Properties The gas constant of air is R = 0.287 kJ/kg-K.

Analysis (a) For this problem, we use the properties from EES software. Remember that for an ideal gas, enthalpy is a
function of temperature only whereas entropy is functions of both temperature and pressure.

Optimum intercooling and reheating pressure is

P, = /PiP, =+/(100)(1200) = 346.4 kPa T
Process 1-2, 3-4: Compression
T, =300 K—> h; =300.43 kd/kg
T, =300K
! s, =5.7054 kl/kg - K
P, =100 kPa
P, = 346.4 kPa
h,, = 428.79 k/kg

s, =; =5.7054 kd/kg.K S
o=t g0 4287930043\ 460 8gkikg

h, —h, h, —300.43
T, =350 K—h, =350.78 ki/kg
T, =350K

s3 =5.5040 ki/kg - K
P, =346.4 kPa
P, =1200 kPa
h,, =500.42 ki/kg

S, =S5 =5.5040 ki/kg.K

hs —h _
Ne=—2—2___5080= 500.42-350.78 h, =537.83kJ/kg

h, —h; h, —350.78

Process 6-7, 8-9: Expansion

T =1400 K——> hg =1514.9 ki/kg
Te =1400 K

s¢ = 6.6514 ki/kg - K
P, =1200 kPa

P, =346.4kPa

h,s =1083.9 kJ/kg
S; =Sg =6.6514 ki/kg.K

he — h; 0.0 1514.9-hy

80 = h, =1170.1kJ/kg
he — hye 1514.9-1083.9

nr =
Tg =1300 K—— hg =1395.6 kJ/kg
Tg =1300K

s = 6.9196 k/kg - K
P, = 346.4 kPa

P, =100 kPa

hgs =996.00 ki/kg
Sg = Sg =6.9196 ki/kg.K
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hg — hg 080 13956~ ho
hg — hgs 1395.6 — 996.00

hy =1075.9 ki/kg

Cycle analysis:
Wein =h, —hy +h, —hy =460.88 — 300.43 + 537.83 — 350.78 = 347.50 ki/kg

Wy o = hg —hy +hg —hg =1514.9-1170.1+1395.6 - 1075.9 = 664.50 ki/kg

_ WC,in _ 347.50

- _ =0.523
Wy  664.50

Tow

Woer = Wr o — Wejn = 664.50 — 347.50 = 317.0 kJ/kg

Regenerator analysis:

Eregen = o ~ o 0.75= —07>9~ g hy, = 672.36 ki/kg
hy — hy 1075.9 - 537.83

s, = 6.5157 ki/kg - K

Gregen = N — Ny = hs —h, ——>1075.9—672.36 = hg —537.83——> hy = 941.40 ki/kg
(b) Qir = hg —hg =1514.9—941.40 = 573.54 ki/kg

Wh 3170

= =0.553
q, 57354

M =

(c) The second-law efficieny of the cycle is defined as the ratio of actual thermal efficiency to the maximum possible
thermal efficiency (Carnot efficiency). The maximum temperature for the cycle can be taken to be the turbine inlet
temperature. That is,

T, . 300K
—1-Loy 3OK 5786
Mmax =273 75T 1400 K
and
ey 0.786

(d) The exergies at the combustion chamber exit and the regenerator exit are
Xg =hg =Ny —To(s6 —Sp)
= (1514.9-300.43)kJ/kg — (300 K)(6.6514 —5.7054)kJ/kg.K
=930.7 kJ/kg

X109 =hyg —Ng =T (810 —Sp)
— (672.36 —300.43)kJ/kg — (300 K)(6.5157 — 5.7054)k/kg.K
-128.8kJ/kg

9-152

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course

preparation. If you are a student using this Manual, you are using it without permission.



