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Abstract

Exergetic efficiency optimization that combines exergy concept and finite-time thermodynamic theory has been carried out for an irre-
versible Brayton refrigeration cycle. Multi-irreversibilities considered in the system include finite rate heat transfer, internal dissipation o
the working fluid and heat leak between heat reservoirs. Exergetic efficiency defined as the ratio of rate of exergy output to rate of exergy
input of the system is considered as the objective index. The goal of exergetic efficiency optimization is to maximize this index. The max-
imum value of the exergetic efficiency can be determined analytically. The results are compared with those obtained from the traditional
coefficient of performance. The influences of heat leak between heat reservoirs and temperature ratio of two reservoirs on the exergetic
efficiency are investigated by numerical calculations. The allocation of a fixed total thermal conductance between the two heat exchangers is
also discussed. The results show that the method of exergetic efficiency optimization is an important and effective criterion for the evaluation
of an irreversible Brayton refrigeration cycle.
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1. Introduction coupled to constant- and variable-temperature heat reser-
voirs, and compared the performance with that of endore-
Finite time thermodynamics is more practical than clas- versible Carnot refrigeration cycles coupled to constant- and
sical thermodynamics for evaluating the power output and variable-temperature heat reser_voirs. Chenetal.[7] analyzed
thermal efficiency of a thermodynamic cycle [1]. Many im- the performance of a regenerative closed Brayton cycle. The
portant works about Brayton power or refrigeration cycles analysis considered all the irreversibilities associated with
applying finite-time thermodynamic theory have been pub- flnlte—tlme heat transfr processes. Chen et al. [8] apalyzed
lished in recent years. De Vos [2] investigated the efficiency the cooling load and:OR perfo_rmance of endoreversible re-
of some heat engines at maximum power conditions. Be- 9énerated Brayton refrigeraticycles coupled to constant-
jan [3] built the theory of heat transfer-irreversible refrig- anddvanablle—tden;]perature heat reservoirs. Checr;ghand Chen
eration plants. Wu [4] defined the endoreversible heat en—[g] et.ermme the maximum power °“tp‘%t and the corre-
gine and optimized the power output of an endoreversible sponding thermal gfﬂmency for an irreversible closed-cycle
Brayton heat engine. Sahin at. [5] analyzed the maxi- Brayton heat engine. Later, C_hgng and Chen [10] calcu-
mum power density of an irreversible Joule—Brayton en- !ated the maximum thermal efficiency and the correspond-
gine. Wu et al. [6] analyzed and optimized the cooling load ing power output for the same system. Chen et al. analyzed

: . . : the cooling load an€OP performance of irreversible sim-
f the endoreversible simple Br n refrigeration I ) .
of the endoreversible simple Brayton refrigeration cycles ple [11] and regenerated [12] Brayton refrigeration cycles

coupled to constant- and variable-temperature heat reser-
" Corresponding author. Tel.: +886 6 2686126, fax: +886 62342081, VOIrs. Sahin et al. [13] analyzed a comparative performance
E-mail address: ckchen@mail.ncku.edu.tw (C.-K. Chen). of irreversible regenerative reheating Joule—Brayton engines
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Nomenclature
A heat transferarea ....................... 2m  Greek symbols
C1—C16 coefficients € effectiveness of heat exchanger
(?1 heat transfer rate between reservoirs . .-KW* n efficiency
Cuw heat capacitance rate of working fluid . -M/t Subscriots
COP  coefficient of performance P _ .
E rate of Xergy ............cooeeeeeeninnn. w 0 typical environment
N number of transfer units ¢ compressor
of heat exchangers d :es;rrt:c_tg:]n

0 rate of heattransfer ...................... w Zx e):(zrg;ic

0} rate ofheatleak .................... ... .. V|\</ H hot side
T temperature ..... EEEEE R ERERETRTRRRRIRY HC process at hot side
U heat transfer coefficient of heat in input

' exchanger ..................... wW-2.K-1 L cold side
Win, net pet powgr input ......... EEEETERTRRTRIRTY W Lc process at cold side
y Isentropic temperature ratio max/opt maximum/optimum condition
z allocation factor out output

under maximum power density and maximum power condi- reservoirs. The cooling load density was defined as the ratio
tions. The performance of real regenerated air heat pumpsof cooling load to the maximum specific volume in the cycle.
was analyzed by Chen et al. [14]. Cheng and Chen [15] de- In recent years, the researchmbining exergy concept
termined the maximum ecological function, its correspond- and finite time thermodynamics is becoming increasingly
ing thermal efficiency and power output of an irreversible important. Yan and Chen [28] optimized the rate of exergy
Brayton heat engine. The ecological function of a heat en- output for an endoreversible Carnot refrigerator. Sahin et al.
gine was defined as the power output minus the loss power.[29] also determined the optimum values of design parame-
Chen et al. [16] analyzed the performance of a closed re- {ers of the cogeneration cycle at maximum exergy output.
generated Brayton heat pump with internal irreversibilities Y1Imaz [30] investigated theftects of design parameters on
via methods of entropy generation minimization. An exergy 1€ €xergetic performance for cogeneration systems with ex-
analysis based on an ecological optimization criterion was €nal irreversibilities. They carried out the optimum analy-
carried out for an irreversible Brayton engine with an ex- SIS on the pgrformance.gf exergy, .|ncorp0rat|ng time or rate
ternal heat source by Huang et al. [1]. Kodal et al. [17] constra}lnts n the conQ|t|ons d_efmmg the systgm. prever,
investigated the effects of internal irreversibility and heat the optimization of an ireversible Brayto_n ref_rlgeratlon Yy
leakage on the finite time thermoeconomic performance of cle based on the performance of exergetic efficiency has not

. - been investigated.
refngeratorg and heat.pumps.. Chen et al. [18] optimized the In this paper, exergetic efficiency optimization for an irre-
power density for an irreversible regenerated closed Bray- ve

e rsible Brayton refrigeration cycle is reported. The purpose
ton cycle. Chen etal. [19] anaded and optimized the power o is naner is to maximize the exergetic efficiency of the re-

density of an irreversible regenerated closed Brayton cycle ¢igeration system. The multi-irreversibilities considered are
coupled to variable-temperature heat reservoirs. Chen et alsinjte rate heat transfer, internal dissipation of the working
[20] optimized the power density of an irreversible closed fiyig and heat leak between heat reservoirs. The exergetic
Brayton cycle coupled to constant-temperature heat reser-fficiency optimization performed in this paper helps to bet-

voirs in the viewpoint of entropy generation minimization. ter understand the performance of the irreversible Brayton
Luo et al. [21] optimized cooling load ar€@OP performance refrigeration cycle.

of irreversible simple Brayton refrigeration cycle coupled to

constant-temperature heat reservoirs. Zhou et al. analyzed

and optimized cooling load density of the endoreversible 2. Theoretical model

simple Brayton refrigeration cycles coupled to constant-

[22] and variable- [23] temperature heat reservoirs, of the A steady-flow irreversible Brayton refrigeration cycle
irreversible simple Brayton refrigeration cycle coupled to coupled to two regions at a temperatufe and another
constant- [24] and variable- [25] temperature heat reservoirs, higher temperaturdy is shown in Fig. 1. The refrigera-
and of irreversible regenerated Brayton refrigeration cycles tion cycle consists of two isobaric processes (processes 2-3
coupled to constant- [26] and variable- [27] temperature heatand 4-1) and two non-isentropic processes (the compres-
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