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Exercise 2 (Regenerative Rankine Cycle)

A regenerative Rankine cycle consists of three expansion stages (17000 kPa, 10000 kPa, 2000 kPa,
11 kPa). The gaseous fuel consists of a volumetric mixture of methane (92%) and ethane (8%). Air
and fuel enter at 100 kPa and 25°C. The excess air is 160%. The flue-gas leaves the chimney at 427°C
and 100 kPa. The relative humidity of the air is 70%.

Get:

a) Mass balance
b) Energy balance
c) Exergy balance

The installation scheme is:
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FUEL

[

P T fuel)
kPa Malar ratio 9
Gas T>Tc | |92.00004  CHs  |Methane
Gas T<Te | 4190.33 | 800005 (CHs  |Ethane

Total: 100.0000

Lower Heating, LHY
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N k3fmol fuel 043.80 R
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—Fuel Properties

Enthalpy of formation

Absolute entropy
[1 atm & 25%C)

Standard chemical exergy

Standard Gibbz Free Energy
of Formation

D kI/mol fuel
@ 3jmel fuel K
@ ka/mol fuel
@ kjmol fuel

[¥ Experimental correlation
|Kotas (1935) |

¥ Thermocombustion databasze

b

Moisture in Air Air Moisture in Air Fuel
mal water f mol dry air mal water [ mol fuel

kg water [ mol dry air ka water [ mal fuel

mol water § kg dry air mol water J kg fuel
Absolute humidity

kg water [ kag dry air kg water [ kg fuel

Vapor pressure Dew Point T2 Vapor pressure Dew Point T2

2.21805 ) kPa 18.87 | °oC 2.21805 ) kPa 18,87 ) °oC
Air[fuel ratio Air/fuel ratio
16.51823 | mol/maol fuel 16.51893 | mol/mol fuel
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— &ir/Fuel ratio (dry air}
ATR -

Theoretical Actual

( 10.00524 ) [ 16.15238 ) [ moljmol fuel

(16.06804) ( 27.14887) [ ka/ka fuel

Reactants (fuel + dry air)

17.15238 malfmol fuel

(Assume 1 mol fuel is being combusted)

~FLUE GAS (Combustion Products) w

v Onwetbasis [ On dry basis

¥ mol/mol fuel [ kg/kg fuel Mole % Mass %
| €O; | [ 1.o0so000 [ 2.769057 6.2156 9.8222
o | |
CH:0 | 2446547 | 2567736 14.0803 9.1082
" Ny | [ 12760381 | 20.825228 73.4381 73.8701
0, | [ 1oser22 6.2658
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rorat  ( 17.3757) ( 28.1017) (100.00)% (100.00)%
T [~ 100% S mialfmal fuel
o OB ——, ——
% kakg fuel
14.08 kPa
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Heat (Released or Absorbed) n '
Exo = rel

Qf = Zhlhmﬁwl} - Z”‘inhinnin:l

[T Reactants Products Reactants
™ Products
Q= Hp(TourP) - Ha(Tie P) = He(Tou, P} - Hp(Toa, P)
¥ Kifmol fuel I kJ/kg fuel ™ kW H = Hioms + H(T,P) - H{25°C, 1 atm)

—Products Temperature

Com)

Adiabatic Flame Temperature
For A = 1.6000 1428.90 ) °C
[Actual]

For & = 1.0 (max)

[Theoretical] 2017.90 ) °C (25°C, 1atm)

—Buoiler Furnace Effidency

() O W

 HHV

Stack heat losses ﬂ

219.79 k3fmol fuel
25.79 | % (of the calorific value of the fuel)

Results of the Energy Analysis &
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—STEAM GEMERATOR

Useful heat k3fmol fuel
Thermal effidency e ﬂ

Exhaust products loss 219,79 ) klfmal fuel

Mass ratio
{ Mol fuelkg fid kg fueljkg fuid

Thermal efficiency (Plant)

G« @

Met work

el e

— CONDENSER

Released heat k3jmol fuel

ADIABATIC PUMP

Waste work k1jmol fuel
Ispentropic effidency k)
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— ADIABATIC TURBINE
STAGE. HP STAGE.MP STAGE. LP
P~ [Altemativel Exchanger)

Enthalpy at the entrance k3/mol fuel kJ/mol fuel k3/mol fuel
Specific work Kajmol fuel Kajimol fuel kjmol fuel
Stack discharge kajmol fue! 480,93 ) kijmol fuel Kijmol fuel
[ tropic stack |

g o o o

Heat released
25.79 %

Condenser (42.82 %)
and pump  (0.60 %)
43.42 %

FUEL

97.81 %

Useful Energy
30.79 %

Method Exergy Applied to Chemically Reactive Systems B

Exergy balances, which allow exergy destruction rates and exergy efficiencies to be determined, for the
main components of the installation, that is, the boiler (differentiating between the combustion chamber and
heat exchanger), turbine stages, condenser, and circulating pump.
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—Fuel chemical exergy

Druset k3ol fuel
bruei/ LHV

Chemical exergy (flue gas)

k3jmol fuel

—Exergy efficiency

Steam generator

Compressor

Turbine MP

(_ss45) %

2 7) « @D
Useful exergy k3 mol fuel

D @

Turbine HP Turbine LP

w0 * (ois0)? @D
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— Sustainahility index (SI}

SI=1/Dp Reducing the environmental impact can be
achieved by minimizing the irreversible exergy
|osses of the system.

1.47 Dp= total exergy destruction
. fexergy input

— Exergetic performance coefficient

738 (total exergy destruction/net work)
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— Irreversibilities
Combustion Chamber

D kajmel fusl

Heat Exchanger

(i ] k3/mol fuel

Stack losses

D kajmel fusl

Regenerative Heat Exchanger

@ () ximolfue

Compressor

@ () ximolfue

Condenzer

(i ] ka/mol fuel

Pump

k1jmal fuel

Turbine [HF]

@ kajmol fuel

Turbine [MP]

k3jmal fuel

Turbine [LP]

k3jmal fuel

Exergy Destroyed (total) 625.72 | k3fmol fuel

35.21 % 15.94 % 2.24%
0.38 %
Stack losses
12.27 %
Condenser (4.67 %)
and pump
F U E |_ 4.92%
99.62 %
Exergy efficiency
2941 %
Adiabatic Heat Transfer Adiabatic
combustion to Steam turbine

Si resolvemos el ciclo no regenerativo:

Results of the Energy Analysis

(0.25 %)
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—STEAM GENERATOR

Useful heat k3fmol fuel
Thermal effidency e ﬂ

Exhaust products loss 219.79 | k1fmol fuel

Mass ratio
{ Mol fuel/kg fuid ka fuel/kg fuid

Thermal efficiency (Plant)

(zn)« @

Met work

—ADIABATIC TURBINE

STAGE. HFP

Enthalpy at the entrance kJ/maol fuel
Specific work ka/mol fuel
Stack discharge kJfmol fuel
Stack losses temperature oC
Isoentropic effidency ? 0
Isoentropic stack losses oC

temperature
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Heat released
25.79 %

Condenser (45.28 %)
and pump  (0.74 %)
46.02 %

FUEL

97.32 %

Useful Energy
2819 %

Method Exergy Applied to Chemically Reactive Systems ﬂ

—Irreversibilities

Combustion Chamber Compressor Turbine [HP]
@ (i) omifee @D () kimolfe @D 35.62) Kljmol fuel
Heat Exchanger Condenszer Turbine [MP]
@D ( 172.08) mifue @D k3jmol fuel () Kimolfuel
Stack lozzes Pump Turbine [LF]

(i ] k3jmol fuel k3jmol fuel :) k3jmol fuel

Hegenerative Heat Exchanger

@ () o Exerqy Destroved (total) il

— Sustainability index (51}

SI=1/Dp Redudng the environmental impact can be
Dp= total exergy destruction achieved by minimizing the irreversible exergy
1.37 los=es of the system,

Jexergy input

— Exergetic performance coefficient

370 (total exergy destruction/net work)

11



h ThermoCombustion

FUEL

99.53 %

Hidrocarbon Fuels

ThermoSuite

Technical Software Suite

35.21 % 19.51 % 2.89%
0.47 %
Stack losses
12.27 %
Condenser (2.89 %)
and pump  (0.31 %)
3.20 %
Exergy efficiency
26.91 %
Adiabatic Heat Transfer Adiabatic
combustion to Steam turbine
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