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Abstract

Performance analysis of a Braysson cycle has been performed using entropy generation minimization or finite time thermodynamics. The
analytical formula about power output and efficiency of an endoreversible Braysson cycle with heat resistance losses in the hot and cold-side
heat exchangers are derived. The influences of the design parameters on the performance of the cycle are analyzed by detailed numeric:
examplesd 2002 Editions scientifiques et médicales Elsevier SAS. All rights reserved.
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1. Introduction 2. Cycleanalysis

. i An endoreversible Braysson cycle operating between a

Recently, a hybrid gas turbine cycle, Braysson cycle, has peat source at temperatufg and a heat sink at temperature
been proposed by Frost et al. [1] based on the conven-7; yith the heat resistance losses is shown in Fig. 1. The
tional Brayton cycle for the high-temperature heat addition processes 4-1 and 2-3 are isentropic processes. Process 1-2
process while adopting the Ericsson cycle for the low- js an isobaric process. Process 3-4 is an isothermal process.
temperature heat rejection process. The First Law analysisThere are finite temperature difference between heat source
for the Braysson cycle has been performed in Ref. [1]. The Ty and process 1-2, as well as between process 3-4 and heat
theory of entropy generation minimization or finite time sink 7. because of the heat resistance losses in the hot- and
thermodynamics [2-5] is a powerful tool for the engineering cold-side heat exchangers.
cycle analysis. Some authors have analyzed endoreversible Assuming the heat exchangers are counter-flow config-
Brayton [6—13] and Ericsson [14—16] performance using this uration, the heat conductances (heat transfer coefficient and
theory. The objective of this paper is to study the Braysson Surface area product) of the hot- and cold-side heat exchang-
cycle performance using this new and active theory. The rs areUs and Uy, and the cycled working fluid has ther-
analytical formula about the power output and efficiency of Mal capacitance rat€ys (mass flow rate and isobaric spe-

an endoreversible Braysson cycle with the heat resistanceC!fiC heat product). Therefore, the rate of he@i( absorbed

losses in the hot- and cold-side heat exchangers are derivedf.rom the heat sourcély and the rate of heald| ) released

. . . . to the heat sinkf are as follows from the heat exchanger
Detailed numerical examples are given in order to analyze

. . heory:
the influences of the design parameters on the performancet eory

of the cycle.
y O = CutEn(Ty — T1) (1)
OL=UL(T3—Tp) (2)
* Correspondence and reprints. whereEy is the effectiveness of the hot-side heat exchanger,
E-mail addresses: Igchenna@public.wh.hb.cn (L. Chen),
wu@gwmail.usna.edu (C. Wu). En=1-—exp(—Nn) 3)
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Nomenclature
Cuwi thermal capacitance rate of the working X working fluid temperature ratio
i -1
fluid SRR R R TR P TR P ERPETRRPRY W Greek symbols
Cp specific heat at constant h ) )
pressure ..................... WK 1kg™t t theeartn:(;lsgfr_r\./g';;imgftrs;uéecrlztlo
E effectiveness of the heat exchanger 1 iciency Y
F surface area of the heat exchanger-........ 2 Subscripts
m mass flow rate of the working fluid. . . . . gt H hot-side
N number of heat transfer units L cold-side
P dimensionless power output max maximum
(0] rate of heattransfer....................... W opt optimum
T temperature ... P at maximum power output
U heat conductance of the heat exchangerk W T total
w POWEr OUtPUL . ... W 1, 2,3 4 pointsin theT-s diagram of the cycle
T T> = Tr exp(x) (11)
Tu Combining Egs. (1) and (5) gives
’ To=(1— En)T1+ EnThH (12)
Combing Egs. (11) and (12) gives
1 T, = EHTH/[eXFXx) + Eyq — l] (13)
" 3 T> = ExTr expx)/[expx) + Ep — 1] (14)
T.

S

Fig. 1. T-s diagram of an endoreversible Braysson cycle.

whereNy is the number of heat transfer unit

NH = Un/Cwt (4)
From the working fluid property
On = Cwi(T2 — T1) (5)

The power outputW’) and efficiency 4) of the cycle are
W=0H—0L=CwEn(Ty—T1) - UL(T3—T0) (6)

n=1-01/0n=1—UL(T3— TL)/[Cut Exi(T — T1)]

Applying the Second Law of Thermodynamics to the

(7)

cycle and the hypothesis of the perfect gas,
UL(T3—T0)/T3=mCpIn(T2/T1) = Cwi In(T2/T1)  (8)

where m is the working fluid mass flow rate.
Defining a dimensionless parameter(dimensionless
working fluid temperature ratio)

x =UL(T3 — T0)/(CwiT3) = In(T2/ T1) 9)
Rearranging Eq. (9) gives

T3=ULTL/(UL — Cwix)

(10)

Substituting Egs. (10), (13) and (14) into Egs. (6) and (7)
yields the dimensionless power outd? = W/(CwiTL)]
and thermal efficiency of the cycle

P =Ent(e' —1)/(€" + Eq — 1) — ULx /(UL — Cwtx)
(15)

n=1—Urx(e" + En — 1)/[Ent (UL — Cwix)(e" — 1)]
(16)

wheret = T/ Ti. is the heat reservoir temperature ratio of
the cycle.

Egs. (15) and (16) are the major results of this paper.
They determine the relationships between the dimensionless
power output and dimensionless working fluid temperature
ratio, as well as between efficiency and dimensionless
working fluid temperature ratio. The dimensionless power
output versus efficiency characteristics of the endoreversible
Braysson cycle can be obtained using numerical calculation.

In order to find the maximum dimensionless power
output, taking the derivative oP with respect tox and
setting it equal to zero (@/dx = 0) gives the equation that
the optimum dimensionless working fluid temperature ratio
(xopt) should satisfy, the maximum dimensionless power
output (Pmax) and the corresponding efficiencyp) as
follows:

EfTexpiop) U?
[exp(xopt) + EH — 112 (UL - wa)fopt)2

(17)
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_ EHT[eXFX.Xth) — 1] _ Uonpt
eX[xX()pt) + Eq — 1 UL - waxopt

max

_ ULxopt€Xp(xopy + EH — 1]
Ent (UL — Cwixopt[€Xp(xopy — 1]

np =

3. Numerical examples

To see the influences of various design parameters on th
power output and efficiency of the endoreversible Braysson
cycle, some numerical calculations are carried out.

(18)

(19)

influences of cycle heat reservoir temperature ration
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Fig. 2. Dimensionless power outpuP) and efficiency 4) versus dimen-
sionless working fluid temperature ratie)(@nd heat reservoir temperature
ratio (r) with Cyf =1 kW-K~1, E4 =0.9 andU = 2.3 kw-K—1.
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the dimensionless power output) and efficiency 4) with

En = 0.9 andU. = 2.3 kW-K~1. Fig. 3 shows the influ-

ences of hot-side heat exchanger effectivenésg ©On P

andn with © = 4.0 andU_ = 2.3 kW-K™L. Fig. 4 shows

the influences of cold-side heat exchanger heat conductance

(UL) on P andn with t =4.0 andEy = 0.9.

The results of calculations show that bathand » in-

crease with the increases Bf;, T andUL. n is a monotonic

decreasing function of, while P is a parabolic-like function
eof x, that is there exists an optimum(xopy corresponding
to the maximumP (Pmax). xopt inCreases with the increases
In the of Ey, T andUL. The efficiency gp) at maximum power

analysis,Cwt = 1 kW-K~1 is assumed. Fig. 2 shows the output point increases with the increaserofp is not sen-

sitive to the variations ofy andU| .

n

Fig. 3. Dimensionless power outpuP) and efficiency 4) versus dimen-
sionless working fluid temperature rati®)(and hot-side heat exchanger

effectiveness §n) with Cyyt = 1 kW-K~1, r = 4.0 andU = 2.3 kw-K~1.
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Fig. 4. Dimensionless power outpuP) and efficiency 4) versus dimen-
sionless working fluid temperature ratio)(and cold-side heat exchanger
heat conductancé/| with Cys =1 kW-K—1 7 =4.0 and Ey =09
(UL =2.3~5.0kw-K™1).

4, Discussions

In the analysis mentioned abovEy, UL and Cys are
selected. In the case th&ly and U_ are changeable, the
performance optimization can be carried out using Egs. (15)
and (16). The optimization can be performed using two
different constraints alternatively. The first is to optimize
the distribution of Uy and U_ with the constraintUy +
UL = Ut. The second is to optimize the distribution of
Fy + F. = Fr, whereFy, F and F7 are the hot- and cold-

side heat exchanger heat transfer surface areas and the total . ) .
[11] L. Chen, F. Sun, C. Wu, Performance analysis of an irreversible

heat transfer surface area. For the fixed power output of the
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with the minimum total heat transfer surface area [18]. The
optimization gives the fundamental optimum power output
and the optimum efficiency for the fixad and then gives the
fundamental optimum relation between power output and
efficiency. The double maximum power output can also be
obtained.

5. Conclusion

Using the theory of entropy generation minimization or
finite time thermodynamics, this paper analyzes the perfor-
mance of a new cycle model—Braysson cycle proposed by

Ref. [1]. The endoreversible assumption is used in the analy-

sis. The further step is to analyze the irreversible cycle per-
formance by introducing the compressor and turbine effi-
ciencies. That analysis can provide theoretical foundation
for the performance improvements of engineering cycles.
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