Energy Conversion and Management 44 (2003) 2713–2732
www.elsevier.com/locate/enconman

Performance analysis for an irreversible variable
temperature heat reservoir closed intercooled
regenerated Brayton cycle
Wenhua Wang a, Lingen Chen
b

a,*

, Fengrui Sun a, Chih Wu

b

a
Faculty 306, Naval University of Engineering, Wuhan 430033, PR China
Mechanical Engineering Department, US Naval Academy, Annapolis, MD 21402, USA

Received 26 September 2002; accepted 28 January 2003

Abstract
In this paper, the theory of ﬁnite time thermodynamics is used in the performance analysis of an irreversible closed intercooled regenerated Brayton cycle coupled to variable temperature heat reservoirs. The
analytical formulae for dimensionless power and eﬃciency, as functions of the total pressure ratio, the
intercooling pressure ratio, the component (regenerator, intercooler, hot and cold side heat exchangers)
eﬀectivenesses, the compressor and turbine eﬃciencies and the thermal capacity rates of the working ﬂuid
and the heat reservoirs, the pressure recovery coeﬃcients, the heat reservoir inlet temperature ratio, and the
cooling ﬂuid in the intercooler and the cold side heat reservoir inlet temperature ratio, are derived. The
intercooling pressure ratio is optimized for optimal power and optimal eﬃciency, respectively. The eﬀects of
component (regenerator, intercooler and hot and cold side heat exchangers) eﬀectivenesses, the compressor
and turbine eﬃciencies, the pressure recovery coeﬃcients, the heat reservoir inlet temperature ratio and the
cooling ﬂuid in the intercooler and the cold side heat reservoir inlet temperature ratio on optimal power and
its corresponding intercooling pressure ratio, as well as optimal eﬃciency and its corresponding intercooling pressure ratio are analyzed by detailed numerical examples. When the heat transfers between the
working ﬂuid and the heat reservoirs are executed ideally, the pressure drop losses are small enough to be
neglected and the thermal capacity rates of the heat reservoirs are inﬁnite, the results of this paper replicate
those obtained in recent literature.
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Nomenclature
CH , CL thermal capacity rates of high and low temperature heat reservoirs
thermal capacity rate of cooling ﬂuid in intercooler
CI
thermal capacity rate of working ﬂuid (mass ﬂow rate and speciﬁc heat product)
Cwf
D1 , D2 pressure recovery coeﬃcients
EH1 , EL1 eﬀectivenesses of hot and cold side heat exchangers
eﬀectiveness of regenerator
ER
eﬀectiveness of intercooler
EI1
NH1 , NL1 number of heat transfer units of hot and cold side heat exchangers
number of heat transfer units of regenerator
NR
number of heat transfer units of intercooler
NI1
k
ratio of speciﬁc heats
p1 , p2 , p3 , p4 , p5 , p6 pressures at working states of 1, 2, 3, 4, 5, 6
P opt
optimal dimensionless power
P max maximum dimensionless power
rate at which heat is transferred from heat source to working ﬂuid
QH
rate at which heat is transferred from working ﬂuid to heat sink
QL
rate of heat regenerated in the regenerator
QR
rate of heat rejected from working ﬂuid to cooling ﬂuid in intercooler
QI
T1 , T2 , T2s , T3 , T4 , T4s , T5 , T6 , T6s , T7 , T8 temperatures at states of 1, 2, 2s, 3, 4, 4s, 5, 6, 6s, 7, 8
TH in , TH out inlet and outlet temperatures of heating ﬂuid
TL in , TL out inlet and outlet temperatures of cooling ﬂuid
TI in , TI out inlet and outlet temperatures of cooling ﬂuid in intercooler
UH , UL conductances of hot and cold side heat exchangers (heat transfer surface area and
heat transfer coeﬃcient product)
conductance of regenerator
UR
conductance of intercooler
UI
x
working ﬂuid isentropic temperature in low pressure compressor
y
working ﬂuid isentropic temperature for whole compression process
1, 2, 2s, 3, 4, 4s, 5, 6, 6s, 7, 8 working states
Greeks
gc , gt
gopt
gmax
p
p1
ðp1 ÞP opt
ðp1 Þgopt
s1
s2

compressor and turbine eﬃciencies
optimal eﬃciency
maximum eﬃciency
total pressure ratio
intercooling pressure ratio
intercooling pressure ratio corresponding to optimal dimensionless power
intercooling pressure ratio corresponding to optimal eﬃciency
cycle heat reservoir inlet temperature ratio
cooling ﬂuid in intercooler and cold side heat reservoir inlet temperature ratio

