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Abstract

An irreversible cycle model of a Braysson heat engine operating between two heat reservoirs is used to investigate the performance
of the cycle affected by the finite-rate heat transfer between the working fluid and the heat reservoirs, heat leak loss between the heat
reservoirs and irreversibility inside the cycle. The specific power output is maximized with respect to the cycle temperatures along with the
isobaric temperature ratio. The specific power output is found to be aaking function of the internal iversibility parameter and isobaric
temperature ratio while there exist the optimal values of the state point temperatures at which the specific power output attains its maximum
value for a typical set of operating parameters. Moreover, the maxigpatific power output and other cycle parameters are calculated for
different sets of operating conditions. The optimally operating regions of the important parameters in the cycle are determined. The results
obtained here may provide some useful criteria for the optimal design and performance improvement of a realistic Braysson heat engine.
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1. Introduction influence of multi-irreversibilities on the performance of a
Braysson heat engine cycle.

The Braysson cycle is a hybrid power cycle based on a
conventional Brayton cycle for the high temperature heat ) ]
addition while adopting theEricsson cycle for the low 2. Anirreversible Braysson cycle
temperature heat rejection as proposed and investigated by
Frost et al. [1] using the first law of thermodynamics. Very
recently, some workers havevistigated the performance
of an endoreversible Braysson cycle [2—4] and a mirror
cycle [5] based on the analysis of Brayton [6-23] and
Ericsson [24-28] cycles by using the concept of finite
time thermodynamics [29—38] for a typical set of operating
conditions and obtained some significant results.

In real thermodynamic cycles, there often exist other
irreversibilities besides finite-rate heat transfer between the

working fluid and the heat reservoirs. For example, the pomt 4 and is compressed up to statg poisyLl in an
: : ideal/real compressor, and thé& comes into contact with
heat leak loss between the heat reservoirs and internal

oo : . : the heat source and is heated up to state point 2 at constant
dissipation of the working fluid are also two main sources

f irreversibility. In the present r we will studv th pressure. After that the working fluid enters the turbine at
Of Irreversibiy. € present paper, we Study e state point 2 and expands up to state poify3in an

ideal/real expander/turbine, it rejects the heat to the heat
* Corresponding author. sink at constant temperature and enters the compressor at
E-mail address: jcchen@xmu.edu.cn (J. Chen). state point 4, thereby, completing the cycle. Thus we study

An irreversible Braysson cycle working between a source
and a sink of infinite heat capacities is shown on TheS
diagram of Fig. 1. The external irreversibilities are due to
the finite temperature diffenee between the heat engine and
the external reservoirs andetllirect heat leak loss from the
source to the sink while the internal irreversibilities are due
to nonisentropic processes in the expander and compressor
devices as well as due to other entropy generations within
the cycle. The working fluid enters the compressor at state
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Nomenclature

A ANBA . . ottt m  x isobaric temperature ratio
cp specificheat................... ki 1k-1 1,2,3,4 state points

ko heat leak coefficient ................ kw1

m mass flow rate of the working fluid. . . . . Iyt Greeks wmt.)o.l

P specific power output............... k2 n efficiency

P* dimensionless specific power output Subscripts

0 heattransferrate........................ kw .

0o heatleak l0SS..........cvvvueeeneennn... kw H heat source/hot-side

R internal irreversibility parameter L sink/cold-side

S ENTOPY . .o e e e e Kt max  maximum

T TeMPErature .. ..o e, K m optimum N
U overall heat transfer coefficient.. kwi—2.K~1 n at maximum thermal efficiency

the 4-1-2-3-4 closed cycle of an irreversible Braysson wherekg is the heat leak coefficient. In addition, it is very

heat engine coupled with the heat reservoirs of infinite heat significant to further consider the influence of irreversible

capacities at temperatufg; and Ty, respectively. adiabatic processes and other entropy generations within the
Assuming the working fluid as an ideal/prefect gas and cycle. Using the second law of thermodynamics for this

the heat exchangers as counter flow configurations, the heatycle model, we have

transfer to and from the heat engine following Newton’s Law

of heat transfer will be mepIn(x) —UL AL (T3 —T1)/T3<0

UnAy(To — T1) i = mcpRT3IN(x) =ULAL(T3—TL) (4)
On= =mcp(T2 —T1) () _ _ . . .
IN((Ty — T1)/(Ty — T2)) wherex = T,/ Ty is the isobaric temperature ratio aRrdis
and the internal irreversibility parameter which is greater than
unity for a real cycle and defined as
QL=ULAL(T3—TL) ()

_ S3—8a ULAL(T3—-T1)/T3
S —-81 ric, In(x)

whereU; andA; (J = H, L) are the overall heat transfer R >1 )]
coefficients and areas on their respective heat excharfgers,
(i = 1, 2, 3) are the temperatures of the working fluid at state WhereSs, Sz, S3 and S are the entropy of the working fluid
points 1 2 and 3, andi andcp are, respectively, the mass at state point 1, 2, 3 and 4, respectively. When the adiabatic
flow rate and specific heat of the working fluid. processes are reversible and other entropy generations within
According to Fig. 1, itis reasonable to consider some heat the cycle are negligibleR = 1 and the cycle becomes an

leak loss directly from the source to the sink, which may be endoreversible cycle, in which the irreversibility is only due

expressed as [26,27,30] to finite temperature differences between the heat engine
and the external reservoirs and the heat leak loss between
Qo=ko(Tr —TL) (3) the heat reservoirs. WheR = 1 and the heat leak loss
A is negligible, the cycle model is directly simplified as that

adopted in Refs. [2,3].

Tu

3. Theexpressions of several parameters

Using Egs. (1)—(3) and (5), we can derive the expressions
of the specific power output and thermal efficiency, which
are, respectively, given by

Q p— On =01 _Unlx=DT1 — RT3Inx] ©)
\/ A al3/(Ts—Tr)+b
T and
n= On—0L
> Ou + Qo

s [(x — 1)T; — RT3Inx]

Fig. 1. TheT-S diagram of an irreversible Braysson heat engine cycle. - (x—DTy+ ko(?/H;‘TL) laTz/(Ts — Tr) + b]
H

(7)



ISIf)rticles el Y 20 6La5 s 3l OISl ¥
Olpl (pawasd DYl gz 5o Ve 00 Az 5 ddes 36kl Ol ¥/
auass daz 3 Gl Gy V

Wi Ol3a 9 £aoge o I rals 9oy T 55 g OISl V/

s ,a Jol domieo ¥ O, 55l 0lsel v/

ol guae sla oLl Al b ,mml csls p oKl V7

N s ls 5l e i (560 sglils V7

Sl 5,:K8) Kiadigh o Sl (5300 0,00 b 25 ol Sleiiy ¥/


https://isiarticles.com/article/27825

