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ABSTRACT

Thermo-economic optimizations along with a detailed
parametric analysis of an irreversible regenerative
Brayton cycle with finite heat capacity of external
reservoirs have been carried out. The external
irreversibilities due to finite temperature difference and
internal irreversibilities due to fluid friction losses in
compressor/turbine, regenerative heat loss, and
pressure loss are included in the analysis. The thermo-
economic function is the ratio of power output to the
sum of annual investment, energy consumption and
maintenance cost. The optimization of the objective
function is done for maximizing the power output and
thermal efficiency of the model. A detailed analysis on
the efficiency of turbine and compressor, effectiveness
of various heat exchangers, heat source inlet
temperature and pressure drop irreversibility on power,
efficiency and economic function has been carried out.
Parametric analysis shows that turbine efficiency has
more effect on the performance of model than
compressor efficiency for the same set of operating
conditions. The model analyzed in this paper gives
lower values of various performance parameters as
expected and replicates the results of an irreversible
regenerative Brayton cycle model discussed in the
literature at pressure recovery coefficients of o;=c2=1.

INTRODUCTION

Brayton cycles have been extensively used in gas
power plants, aircrafts, ship propulsion and various
industrial usages. Salamon et al. [1] examined
externally irreversible Carnot cycle and calculated
optimum values of objective function for various
performance parameters of endoreversible Carnot heat
engine. Leff [2] analysed an endoreversible Brayton

heat engine following Curzon and Ahlborn [3] and
observed the change in Brayton cycle temperatures
while altering maximum work in the cycle. Wu and
Kiang [4] optimized power output of Brayton cycle
using finite time thermodynamics. Wu [5] optimized
the power of an endoreversible Brayton gas heat engine.
Wu & Kiang [6] integrated real compression and
expansion in Brayton heat engine and found that engine
power and engine efficiency are strong functions of the
compressor and turbine efficiencies. Cheng et al. [7]
used finite time thermodynamics for ecologically
optimizing the power output of a closed Brayton cycle
and calculated optimal values of power, thermal
efficiency and second law efficiency of Brayton cycle.
Sahin and Kodal [8-11] performed several thermos-
economic optimization studies for refrigerators/ heat
pumps based on endoreversible and irreversible mode
using FTT approach. Kaushik et al. [12] applied finite
time thermodynamic approach to an irreversible
regenerative closed Brayton cycle. Wang et al. [13]
applied the hypothesis of finite time thermodynamics to
analyze an irreversible closed intercooled regenerated
Brayton cycle and optimized the intercooler pressure
ratio for optimum power and corresponding efficiency.
Kaushik et al. [14] performed a thermodynamic
analysis of an irreversible regenerative Brayton cycle
with isothermal heat addition and optimized the power
output in context with working medium temperature.
They observed an improvement of 15% in the thermal
efficiency of Brayton cycle with heat addition at
constant temperature. Tyagi et al. [15] investigated a
complex Brayton cycle under maximum ecological and
maximum economic conditions and found optimum
values of various performance parameters at which the
cycle attains maximum values of economic function,
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ecological function, and power output and cycle
efficiency. Till now, numerous researchers have done
thermo-economic optimization studies for different
thermal energy conversion systems based on
endoreversible and irreversible configurations [16-27].
Finite time thermodynamics has touched various fronts
since this technique had been used to analyze and
optimize the performance of real thermodynamic
processes, devices and cycles. On the basis of recent
literature, a model of an irreversible regenerative
Brayton cycle with pressure drop as supplementary
irreversibility is considered in this paper and
expressions for maximum thermo-economic function
and corresponding power output/ thermal efficiency of
the cycle are obtained. In addition, thermo-economic
function chosen as the objective in this study includes
annual investment cost, energy consumption cost and
maintenance cost. The effect of effectiveness of various
heat exchangers, efficiency of turbine and compressor,
heat source inlet temperature, pressure drop and
economic parameters have been studied in detail and
the results are presented on the graphs. The model
analyzed in this paper gives lower values of various
performance parameters as expected.

THERMODYNAMIC ANALYSIS

An irreversible regenerative Brayton cycle coupled
with a heat source and heat sink of finite heat capacity
is shown in Fig. 1. In this model, state 1 is the entry
point of working medium at compressor and
compressed up to state 2. Then the working medium
enters the regenerator where its partial heating up to
state 2R is done by the turbine exhaust. The working
medium next enters the hot side heat exchanger with a
pressure drop which is reflected using pressure
recovery coefficient, a; = p3/p2 and heated up to state 3,
while the heat source temperature decreases from Tui
to Tw2. The working medium now enters the turbine and
expands up to state 4. After expansion, the working
medium enters the regenerator to transfer heat partly
and then enters the cold side heat exchanger with a
pressure drop which is reflected using another pressure
recovery coefficient, o, = pi/ps . The working medium
is cooled up to state 1, while the heat sink temperature
increases from Tr; to Tr2. Therefore, we consider the
closed Brayton cycle 1-2-2R-3-4R-1 with real
compression / expansion processes and pressure drop
irreversibilities for finite heat capacity of external
reservoirs. Process (1-2s) and process (3-4s) are
isentropic in nature as shown by dotted lines in Figure
1. The following assumptions are taken into account:

(2)
(b)

The proposed model operates at steady rate.

The variable heat capacity of heat source and heat
sink is considered.

The working fluid used in the proposed model
behaves like an ideal gas.

The constant specific heat of the working fluid is
assumed.

(©
(d)
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(e) The pressure recovery coefficients (a; and a,) are
assumed to be equal.

The hot, cold and regenerative side heat transfer rates
can be presented as [12, 19]:

QH:UHAH(LMTD)H:CH(Tﬂl_THz) (D
0, =U, 4, (LMTD), ZCL(TLZ_TLI) @)
QR :URAR(LMTD)R ZCW(T4_T4R) 3)
where,
(LMTD)H: (THI_E)_(THZ_];R) (4)
ln{(THl _T3)/(TH2 _TzR)}
(LMTD)L — (ER_]TLZ)_(TI_TLI) (5)
In {(ER _TLZ)/(]I - TLI)}
In{(T, ~T,,)/(To = T)}
THl
=
- 3 -
Fig. 1 T-S diagram for irreversible regenerative
Brayton heat engine Cycle
From equations (1) to (6),
Oy :gHCH,m(THl_TzR):CW(Tz._TzR) (7
o, szCL,m(thR _TLI)ZCW(ER _Tl) ®
QR:‘C"RCW(Z&_TZ)ZCW(TZR_TZ) )
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where ey, € and er are the effectiveness of the hot
side, cold side and regenerative side heat exchangers
respectively and presented as [19]:

=Ny =C min /Ctt max)

l-e
b =g (10)
l __~H,min e*Nu (1-Cy ,min/CII max )
CH,max
1— e*NL(I*CL.mm/CL,max)
& = (11)
1— CL,min =N (1=Cp,min / Cp max)
CL,max
N
gp=—2 (12)
1+ N,

The heat capacitance rates and number of heat
transfer units can be calculated as:

Cymin =min(C,,,C,,)
Cht o = Max(Cy, Cy)
C, in =min(C,,C,)
C| e =max(C,,Cy)
R

The compressor and turbine efficiencies can be
written as:

L. -T,
"o "
7, z% (14)
Now from equations (7) to (14),
T,, =(1-,)T, +&,T, (15)
Tr=(-)T, + &1, (16)
T =(=b)T,, +bT}, (17)
I, =(-a)T,, +aT,, (18)
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T,=(1-n)T+Tn, (19)

T, =(-n T, +Tn" (20)

Parameters ‘a’ and ‘b’ are given in Appendix-I.
For a given model,

TT, =al,T, e

k

where o = (a,t,) * and k is specific heat ratio of

-1

the working fluid.

Substituting the values of T, T3, Tos and Tss from
equations (17) - (20) into equation (21), we get the
quadratic equation in T, as:

2
XTI +YT,+Z =0 (22)

Parameters X, Y and Z are given in Appendix- I.
Solution of equation (22) gives,

_ Y 4NY’-4x7

T, (23)
? 2X
From the first law of thermodynamics,
P=0,-0, 24

=¢&,C

H ,min

T,

4

(T, _TzR)_ELCL,mm T,z —T,)

Substituting the value of Tor and Tsr from
equations (15-16) into equation (24) and (7), P and Qu
can be written as:

P=z,—x,T, - y,T, (25)

Oy =z, = xT, = %1, (26)

Parameters x7, Xs, ¥7, ¥s, Z6 and z7 are given in the
Appendix-I.

For optimal operation of gas power plant, cost
should be as small as possible with maximum power
output. Hence, for optimization power output per unit
cost is considered as the objective function as
proposed by earlier researchers [2, 8-9], and can be
written as:

P

= (27)
C+C,+C,

Here Ci, Ce and C,, indicate annual investment
cost, energy consumption cost and maintenance cost
of irreversible regenerative Brayton cycle model
respectively. The annual investment cost covers cost
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of various heat exchangers, compressor and turbine
used in Brayton cycle model. Investment cost of the
heat exchanger can be assumed to be proportional to
total heat transfer area [8, 9] and investment cost of
compressor and turbine is assumed to be proportional
to their compression / expansion capacities. Therefore,
the total annual investment cost of the model can be
presented as

C=a,(4,+4, +4,)+a,P

:aa(AH+AL+AR)+ap(QH—QL) (28)

Here a, is the proportionality constant for the
investment cost of the heat exchanger which is the
product of the capital recovery factor and investment
cost per unit heat exchanger area and a, is the
proportionality constant for the investment cost for the
compression and expansion devices which is the
product of capital recovery factor and investment cost
per unit power output. By using capital recovery
factor, the initial investment cost is calculated in terms
of equivalent annual payment [8, 9]. The annual
energy consumption [8, 9] and the maintenance cost
[2] are proportional to the energy input and power
output respectively, which can be presented as:

C,=a,0y (29)

Cm szpsz(QH _QL) (30)

aq is defined as equivalent annual operation hours
times price per unit energy input [8, 9] and b, is
defined as equivalent annual operation hours times
price per unit power output [10]. Putting equations
(28) - (30) into equation (27), the objective function
can be written as:

Fe P
- a,(Ay + A, + 4)+ POy _QL)+anH

(€2

Here S =a, + b, Thus from equations (27) — (30),

we have

BF = zs =%, 1, =y, 1,
kil +(zg = x,T, = y,T,) + ky (2, = x,T, = %, T,)
_zg— X1, =y T,

zy = X315 — ¥ T,

(32)

Parameters xo, yo, ki, ko and ks are given in
Appendix- 1. Equation (32) shows that BF is a bi-
variable function of T, and T4 but T> is a function of
T4 and other parameters are constant for a typical set
of operating conditions. Hence, optimizing equation
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(32) in context with Ty i.e. = 0 and solution for
4

this equation, gives:

o7,
(x11 +T4)_2: Zn +T2
or,
Parameters x;; and z;; are given in Appendix- I.

(33)

o7,
Putting the values of —=2 and T, from equation (23)
4
into equation (33),
XT}+YT,+Z,=0 (34)

Parameters X, Y; and Z; are given in Appendix-
I. Solution of equation (34) gives optimum value of T4

as
_Yl +\/le _4X121
]—:Lopt = (35)

2X,

RESULTS AND DISCUSSION

In order to have mathematical approval of the
results, the effects of various performance parameters
viz. efficiency of turbine and compressor,
effectiveness of various heat exchangers, heat source
inlet temperature, pressure drop recovery coefficients
and economic parameters on an irreversible
regenerative Brayton heat engine model are
investigated. Each one of above mentioned parameter
is examined by keeping rest parameters constant as
Tui=1250 K, T1,=300 K, n=1.=0.8, Cw=1.05 kWK"!,
Cp= C=1 kWK"l, Up= Ur=Ur=2.0 kWK"ln’l"z, o=
a=0.95, k;=0.5, k»=0.1 [12, 18-19]. The obtained
results are presented on graphs and discussed in detail
as follows:

Effects of turbine and
efficiencies (n¢ and n¢)

The variations of turbine and compressor
efficiencies on maximum thermo-economic function
and the corresponding power output/ thermal
efficiency of an irreversible regenerative Brayton heat
engine cycle with finite capacity heat reservoir are
shown in figures 2(a) to 2(c). It is seen from these
figures that maximum thermo-economic function and
the corresponding power output/ thermal efficiency
increases with the increase in component efficiencies
(n: and n¢) which indicates that larger the component
efficiency is, better the performance of the cycle. It is
also found that turbine efficiency (1) has more effect
than the compressor efficiency (1) not only on the
thermodynamic performance but also on the economic
performance of an irreversible regenerative Brayton
heat engine cycle. Hence, for practical Brayton heat
engine, lots of research and investigation is still
required on compressor efficiency.

compressor
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0.95 1

L L L
0.8 0.85 0.9
Component Efficiency (11‘ and ‘1c)

L
0.7 0.75

Fig. 2 (a) Variations of max economic function with
respect to component efficiency (1. and 1, )

0 L L L L L
0.8 0.85 0.9 0.95 1
Component Efficiency (q( and qc)

Fig. 2 (b) Variations of power output with respect to
component efficiency (1 and 1, )

0 1 1 1 1 1

0.8 0.85 0.9
Component Efficiency (n, and n)

0.95 1

Fig. 2 (¢) Variations of thermal efficiency with
respect to component efficiency (1. and 1, )

Effects of heat source inlet temperature (Th4)

The variation of heat source inlet temperature on
various performance parameters of an irreversible
regenerative Brayton heat engine cycle are shown in
figure 3(a) to 3(c). It is seen from these figures that the
maximum thermo-economic function and the
corresponding power output/ thermal efficiency first
increases, attains its maximum value and then starts
decreasing at higher values of heat source inlet
temperature. The power output and thermal efficiency
starts decreasing at higher source inlet temperature
because of inclusion of pressure drop in the analysis.

P max

Power Output (kW)

Thermal Efficiency (%)

865

Because at high source inlet temperature, pressure
recovery coefficients decrease and therefore, power
output and thermal efficiency starts decreasing. It is
further observed that at unity pressure recovery
coefficients, the performance parameters increases
with increase in heat source inlet temperature. It is also
seen that the effect of T is more prominent for power
output as compared to other performance parameters.
Hence, efforts should be made to increase heat source
inlet temperature of realistic Brayton heat engine
cycle.

0.5}F

0.4}

0.3F

0.2

0.1}

L L L L 1 L
1150 1200 1250 1300 1350 1400

Heat Source Inlet Temperature (TH1)

10000 10‘50 1 1‘00 1450
Fig. 3 (a) Variations of max economic function with

respect to heat source inlet temperature (Twy)

50 T T T T T

45}

40}

35F

30f

0 1 1 1 1 1 1 1 1
1000 1050 1100 1150 1200 1250 1300 1350 1400

Heat Source Inlet Temperature (THW)

1450

Fig. 3 (b) Variations of power output with respect to
heat source inlet temperature (Tr;)

1 1 1 1 1 1
1150 1200 1250 1300 1350 1400

Heat Source Inlet Temperature (TH1)

0 1 1
1000 1050 1100 1450

Fig. 3 (¢) Variations of thermal efficiency with
respect to heat source inlet temperature (Tw1)
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Effect of €y, €. and &r

The variations of hot side, cold side and
regenerative  side  effectiveness on  different
performance parameters are shown in figures 4(a) to
4(c). It is seen from these figures that the maximum
thermo-economic function and the corresponding
power output/ thermal efficiency increases as the
effectiveness on either side of heat exchanger (ep, €L
and er) is increased. It is also found that the effect of
g is more prominent than ey and er for all the
performance parameters of Brayton heat engine cycle.
The results obtained can also be correlated with heat

sy vy

o 1 1 1

transfer area. It is required to increase the heat transfer 06 065 07 075 = 08 085 09 0% !
area as the effectiveness is increased which results in
increase of cost of the system. However, in general,
the variations of the performance parameters with
respect to various effectiveness of heat exchangers (&g,
¢ and &) are not linear.

Effectiveness

Fig. 4 (¢) Variations of thermal efficiency with
respect to effectiveness of various heat exchangers

Effects of pressure drop

Figure 5(a) to figure 5(c) shows the effect of pressure
drop on various performance parameters of an
irreversible regenerative Brayton heat engine cycle. It
is seen from these figures that maximum thermo-
economic function and the corresponding power
output/ thermal efficiency increases as the pressure
drop is decreased. It is also seen from these figures that
various performance parameters attains their
maximum value at zero pressure drop which cannot be
achieved in realistic Brayton heat engine cycle.

02 e, Further, negative value indicates that at lower values
——— of pressure recovery co-efficient, performance of the
0 —— system deteriorates in terms of power output and
. . . . . . . . thermal efficiency. Keeping this view in mind, the
06 o507 o7 0B 08 09 0% 1 pressure recovery co-efficient should be as high as
o . ) . possible.
Fig. 4 (a) Variations of maximum economic function
w.r.t. effectiveness of various heat exchangers 08
80 . . . . . . . 0.6

0.4

0.2

0

P' max

0.2

-0.4

Power Output (kW)

-0.6

-0'(‘))‘91 O,I92 0,‘93 0,‘94 0,‘95 0}96 0,‘97 0}98 0}99 1
Pressure Recovery Coefficients (a1=u2)
1 1 1 1 1 1 1 3 1 1 1 1 1
e / Fig. 5 (a) Variation of max economic fun.ctlon with
Effectiveness respect to pressure recovery coefficients

Fig. 4 (b) Variations of power output with respect to
effectiveness of various heat exchangers
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70, T T T T T T T T

0.93

0.98 0.99 1

L L L L
0.94 0.95 0.96 0.97
Pressure Recovery Coefficients (a,=a,,)

-20 L
0.91 0.92

Fig. 5 (b) Variation of power output with respect to
pressure recovery coefficients

25 T T T T T T T T

0.99

1 L L 1 1
0.94 0.95 0.96 0.97 0.98

Pressure Recovery Coefficients (o 1=a2)

091 092 093

Fig. 5 (¢) Variation of thermal efficiency with respect
to pressure recovery coefficients

Further, maximum thermo-economic function
reflects logarithmic while linear variations with
corresponding power output and thermal efficiency.

Effects of economic parameters (k1 and k3)

Fig 6 shows the effect of various economic
parameters (k; and k) on maximum thermo-economic
function of an irreversible regenerative Brayton heat
engine cycle. It is seen from figure 6 that the maximum
thermo-economic function decreases with increase in
the value of economic parameters (k; and k») but the
effect of k, is more prominent than k;. Since the
economic parameter k; belongs only to investment
cost while ko belongs to investment cost and running
cost both. Hence, it is proved and verified from figure
6 that running cost is more effective than that of the
investment cost.

Comparison of results with Ref [12]:

The results obtained for irreversible Brayton
heat engine are compared with results obtained by
Kaushik et al. [12] under same set of analytical
conditions in Table 1. It is found that the values of
P and n are 36.5% and 32.4% lower compared with
Ref [12] because of inclusion of pressure drop
irreversibility. Hence, it is proved and verified that

with the inclusion of irreversibility in the system,
the performance parameter decreases. Further, the
proposed model replicates the results of an
irreversible regenerative Brayton cycle model
discussed in the literature at pressure recovery
coefficients of a;=0=1.

0.9f
\
\
\
0.8f-\ 1
\
\
‘\
0.7k

0.6 \ 4

s . 3
“
04 ~ E
“

o3} RNy _

o2k Tl -

0 . . . . . . . P v
01 02 03 04 05 06 07 08 09 1

Economic Parameters (k1 and kz)
Fig. 6 Variations of maximum economic function

with respect to economic parameters (k; and k)

CONCLUSION
A more practical irreversible regenerative

Brayton heat engine cycle model with pressure drop as
supplementary irreversibility is examined in this
paper. The thermo-economic function is optimized in
context with cycle temperature. The corresponding
power output and thermal efficiency are calculated for
analytical set of operating conditions. The major
outcomes of current analysis are:

1. The thermo-economic function value increases
with effectiveness of various heat exchangers,
component efficiencies, heat source inlet
temperature, pressure recovery factors and
decreases for economic parameters.

2.1t is proved and verified that running cost is more
effective than that of the investment cost.

3.1t is found that the cold side effectiveness is more
prominent for the power output while regenerative
effectiveness is dominant factor for thermal
efficiency.

4. It is also found that the effect of turbine efficiency
is more as compared with compressor efficiency on
maximum objective function and the corresponding
power output and thermal efficiency.

5. The model analyzed in this paper gives lower
values of various performance parameters as
expected and replicates the results of an
irreversible regenerative Brayton cycle model
discussed in the literature at pressure recovery
coefficients of a;=0,=1.

For a typical set of operating parameters, the results
obtained here are of large value to understand the
divergence of actual performance from ideal
performance while counting pressure drop as
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supplementary irreversibility. The work can further be
extended by developing a correlation between
component efficiencies and capital cost of compressor
/ turbine while doing thermo-economic analysis of
proposed model.

REFERENCES

(1]

(1]

(2]

(3]

(4]

[3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Curzon, F.L., Ahlborn, B.: Efficiency of
Carnot heat engine at maximum power
output. Am. J. Phys. 43(3), 22-24 (1975)

Salamon, P., Nitzan, A.: Finite time
optimization of a Newton’s law Carnot cycle,
J. Chem. Phys., 4, 3446-3460 (1981)

Leff, H.S.: Thermal efficiency at max. power
output: New results for old engine, Am. J.
Phys., 55(7), 602- 610 (1987)

Curzon, F.L., Ahlborn, B.: Efficiency of
Carnot heat engine at maximum power
output, Am. J. Phys., 43(3), 22-24 (1975)
Wu, C., Kiang, R.L.: Work and Power
optimization of a finite time Brayton cycle,
International Journal of Ambient Energy,
11(3), 129-136 (1990)

Wu, C.. Power optimization of an
endoreversible Brayton gas heat engine,
Energy Convers. Mgmt., 31 (6), 561-565
(1991)

Wu, C., Kiang, R.L.: Power performance of a
nonisentropic Brayton cycle, Journal of
Engg. for Gas Turbines and Power, 113, 501-
504 (1991)

Cheng, C.Y., Chen, C.K.: Ecological
optimization of an endoreversible Brayton
cycle, Energy Convers. and Management, 39
(1/2), 33-44 (1998)

Sahin, B., Kodal, A.: Finite time thermo-
economic optimization for endoreversible
refrigerators and heat pumps, Energy
Conversion Mgmt. 40, 951-96 (1999)
Kodal, A, Sahin, B., Yilmaz, T.: Effect of
internal irreversibility and heat leakage on the
finite time thermoeconomic performance of
refrigerators and heat pumps, Energy
Conversion Mgmt., 41, 607-619 (2000)
Kodal, A., Sahin, B., Erdil, A.: Performance
analysis of two stage irreversible heat pump
under maximum heating load per unit total
cost conditions, Exergy-An International
Journal, 2, 159-166 (2002)

Kodal, A., Sahin, B., Ekmekei, I., Yilmaz, T.:
Thermoeconomic optimization for
irreversible absorption refrigerators and heat
pumps, Energy Conversion Mgmt, 44, 109-
123 (2003)

Kaushik, S.C., Tyagi, S.K.: Finite Time
Thermodynamic analysis of an irreversible
regenerative closed cycle Brayton heat
engine, Int. J. of Solar Energy, 22, 141-151
(2002)

868

[13]

[14]

[15]

[16]

[19]

[20]

[21]

[22]

(23]

Wang, W., Chen, L., Sun, F., Wu, C.:
Performance analysis for an irreversible
variable temperature heat reservoir closed
intercooled regenerated Brayton cycle,
Energy Conversion and Management, 44,
2713-2732 (2003)

Kaushik, S.C., Tyagi, S. K., Singhal, M. K.:
Parametric study of an irreversible
regenerative Brayton cycle with isothermal
heat addition, Energy Conversion and
Management, 44, 2013-2025 (2003)

Tyagi, S.K., Kaushik, S.C., Tiwari, V.:
Ecological optimization and parametric study
of an Irreversible regenerative modified
Brayton cycle with isothermal heat addition,
Entropy, 5, 377-390 (2003)

Durmayaz, A., Sogut, O.S., Sahin, B. Yavuz,
H.: Optimization of thermal systems based on
finite time thermodynamics and
thermoeconomics, Prog. Energy Combust.
Sci., 30, 175-217 (2004)

Tyagi, S.K., Kaushik, S.C.: Ecological
optimization of an irreversible regenerative
intercooled Brayton heat engine with direct
heat loss, International Journal of Ambient
Energy, 26 (2), 81-92 (2005)

Tyagi, S.K., Chen, G.M., Wang, Q., Kaushik,

S.C.:  Thermodynamic  analysis  and
parametric study of an irreversible
regenerative-intercooled-reheat Brayton

cycle, International Journal of Thermal
Sciences, 45, 829-840 (2006)

Tyagi, Sudhir, K., Wang, Shengwei, Kaushik,
S.C.: Effect of several irreversibilities on
thermo-economic performance of realistic
Brayton heat engine cycle, Indian Journal of
Pure and Applied Physics, 43, 612-619
(2005)

Tyagi, S. K., Wang, S.W., Chen, G.M.,
Wang, Q., Chandra, H., Wu, C.: Performance
Investigations under maximum economic
onditions of a complex Brayton cycle, Int.
Journal of Exergy, 4 (1), 98-116 (2007)
Wang W., Chen L., Sun F., Wu C.: Power

optimization of an irreversible closed
intercooled regenerated Brayton cycle
coupled to wvariable temperature heat

reservoir, Applied Thermal Engineering, 25,
1097-1113 (2005)
Kumar, R., Kaushik, S.C., Kumar, R., Hans,

R.: Multi-objective optimization of an
irreversible regenerative Brayton cycle using
evolutionary algorithm and decision making,
Ain  Sham Eng J, http:/dx.doi.org/
10.1016/j.as€j.2015.06.007 (2015)

Arora, R., Kaushik, S.C., Kumar, R., Arora,
R.: Multi-objective thermo-economic
optimization of solar parabolic dish Sterling
heat engine with regenerative losses using



Research Article — JTEN —2015-117

NSGA-II and decision making, International
Journal of Electrical Power and Energy
Systems, 74, 25-35 (2016).

ecological optimization criterion, Int. J. of
Thermal & Environmental Engineering, 9,
25-32 (2015)

[24] Arora, R., Kaushik, S.C., Arora, R.: Multi- [26] Arora, R, Kaushlk, S.C., Kumar, .R"
. i L Performance analysis of Brayton heat engine
objective and multi-parameter optimization at maximum efficient power using
of two-stage thermoelectric generator in temperature dependent specific heat of
electrically series and parallel configurations working  fluid, Journal of Thermal
through NSGA-II, Energy, 91, 242-254 Engineering, 1 (2), 345-354 (2015)
(2015) [27] Kur.na.r, R., Kaushik, S.C., Kumar, R., Povyer
[25] Kumar, R., Kaushik, S.C., Kumar, R., optimization of an Inc?ver31.ble regenerative
Performance analysis of an irreversible Bra.}/‘Fon Cycle using 1sotheFmal ) heat
regenerative Brayton cycle based on addition, Journal of Thermal Engineering, 1
(4), 279-286 (2015)
Table 1
Systems Design Variables Objectives
&H &L £R o o2 T | T | e | e | PKW) | (%) | BF”
Present Study | 0.75 | 0.75 | 0.75 | 0.95 | 0.95 | 1250 | 300 | 0.8 | 0.8 | 39.80 12.5 0.53
Ref [12] 0.7510.75 1 0.75 | 1 1 1250 | 300 | 0.8 | 0.8 | 63.00 18.58 -
NOMENCLATURE
A Area (m?) Greek letters
C Heat Capacitance Rate (WK-!) n Thermal efficiency
F Dimensionless thermo-economic function en Heat source side effectiveness
ky Ratio of a, to (ap+bp) €L Heat sink side effectiveness
ko Ratio of a4 to (aptby) €R Effectiveness of regenerator
P Power output (W) Subscripts
Q Heat transfer rate (W) 1,2,3,4 State points
R Gas Constant (Jmol'K!) H Heat source
T Temperature (K) L Heat sink
U Overall heat transfer Coefficient, kWm2K-! R Regenerator
s Ideal state
APPENDIX-I

X =xx;, —x,X,

X, = sz —4Xy; _x123/x122

x, =&,(1-b)1-n.)+n.

x, =(I-a)(l-&)

X, =a(l-a)(1-1")(1-&)
x,=(1-b)s,

Xs =X V3 T X0V, =X, =X, ),
X, = X2y + X2, — X, 2, — X, 2,
x, = Cyla(l—&,) +beg}
Cya(l-¢&;)

Xy =X, +k,xg

Xg =

Y =x.T, +x,
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Y, =xsx = 2.Xys — 2x3x,, /x122
Y =1=g)A-b)1-n,)

»,=(-a)g,
vy =ain +(=a)1-n")e,}

Vi =(=g)(1-b)
Vs =NV =Ny
Ve =NZ T 43 =5V = N2y
Y, =Cu{b(l-&) +asgy}

Yy =aCy e,

Xy = (xsxs - 2Xy6 )xn - (x62 - 4X25] Z = (1 _nc)bTLl

z, =aly,
z,=aa(l-n"HT,,
z, =bT},
z,=22,—2,2,

z, =Cy(al},, +bT,))

z, =Cyaly,

zy =z, +k,z,

zo =k k; +z,
Zyg = VoZe = V129
= ZIO/yIO
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Xig = X929 —XgZg Yo =Y, +k, ¥y
X = xw/)’m Yio = VX9 = VoXq
_ 2
Xy = 22Xz, + XXy — X Z = ysIy + Yl + 2z

Xy =%, (05 = 4Xp) = (x5x, = 2Xy,) Z, = x; —4Xz, _x124/x122
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a= CH €y
CW

b= CLEL
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