
2t4 Gas Pou,er Cycles [Chap.9

9.8. THE BRAYTON CYCLE

The llrayton cyele is a modified diesel or cornpression-ignition cycle
rvhich is sccured by extencling the adi.rbatic expansion process (3-4),

F'ig. 9-2, uulil the pressure at stati<in 4 is attained. This cycle shown in
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i ,Fig. 9-7. Ilrayton air-.stanclard cyclc. (a) Pressurc-volume dia-

gram; (b) tcmpcratrrrc-entropy diagram.

Fig. 9-7 is the basis for the operation of the gas-txLrbine ,potoer plant.
I,'roln t.his illu.strat.ion it is easl' to st'e that t.he eflicicrr<ry of the Rra;'ron
cycle is ]ret.ter than thc correspon<ling <liescl c)'cle shorvu as 1-2-3-4'-1.
'fhc incrc:rse in net rvorli i .s a rcsult of the rerlucLion in thc anrtiunt of heat
rejec:te<l anrl is secured rvithouL an.v arl<lit ional heab reccption.

A. gus-turbine pou)er plant is an application of the steacly-flow hcat-
engine c;'clc. Turbo-urachinery is uscd by a plant operating on t.he
Brayton cycle, sincc this typc can handle l:rrge volurnes urore cfiiciently

(a) G)

. Fig. 9-8. Gas-turbine power plant. (a) Actual arrangemcnt; (b)
air-starrdarrl cycle.

than ca' the rcciprocating types of the otto and <liesel power plants. A
continuous-cornbustion or a conrbustion-gas turbine power plant con-
sists basically of three main parts: (l) an oir compressor, (z) a combustion
cha'mber rvith a fuel bunter, often called Lhe combustor, and (3) a gas
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9-8, antl the symbolsturbine. These three elements are shown in Fis.
correspond to those of Fig. 9-7.

In the theoretical cycle of this porver plant, Fig. 9-7(a), atmospheric
air with a pressure Pr and temperitture ?r is received. This air is
isentropicalh' cornpressed in the conlpressor to Ps and ?2, accorcling
to the path l-2, Fig. 9-7. Heat is received at constant pressure Pr and
the temperature rises to 73, as the fuel is ignited and burned in the
cornbustor after being mixed with air as it came from the compressor.
The product.s of combustioz leave the cornbustor at point 3 and cnter the
turbine, rvhere they expan(l isentropically to the init ial pressure so that
Pa,: Pb Aftcr the expansion proccss 3-4, just described, the gases are
exhaustecl from the turbine.

'I'he anal.r'sis of this c.vcle on the basis of the air-standard efficicncy
c:rn bc <lonc lrv using a unit mass betu'een the stzrtes 2 and 3 for thc
reccption of hcat :rncl bctrvcen statcs 4 and 1 for the rcjcction of hcat.
In stcil<l.y-florv rnachincr;' it is casicr to carry out heat transfer ancl corn-
busLion J)rocesses at consta.nt pressure than at constant volume, anrl thc
turbine is not arlapted to the high tcnrperatures characteristic of the
rcciprocating engirre. Iror thcse r('asorrs, thc Ilrayton cycle rvil l  serve
as the air-stlrndard cycle for the anal; 'sis of the gas-turbine porvcr plant.

In this cyclc, a part of thc gross rvork delivercd by the turbinc is
rcturnc<l to the s;'stern to operatc thc conrpressor. Thelvork to operate
tlre corrrlrrcssor, lr ig. 9-7(a), is proportional to the area l-2-B-A-1,
rvhile thc rvrirk dclivcrcrl by the turbirre is rt 'prcscnted by thc arca
lj-s-4-A-ll. 'lhe neL rvork then is reprcscnted by thc area boundcd by
thc oul.lirrc of the Ilra-l'totr cycle.

Ily stcarll'-florv anal;'sis of each component of the cycle wc arrivc
at thc follorving rcsrrlts:

q u :  h r - l t z ;  $ , ' k ,  :  h z -  h E ;  w k "  :  h 2 -  h i  q a :  h t -  l r . r

Thus the nct n'ork (rvk,,) is:

wk, :  r yk r  -  wkc :  ( / r r  -  hD  -  ( hz -  l t )  ( 9 -12 )

(hs -  ha)  -  Qz -  l r . t )  ( l t4  -  h2)  -  ( . l ta  -  h)
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in which wkr : spccific turbine rvork, Btu per lb;
wk" : spccific conlpressor l 'ork, Btu per lb; and

?r : air-stanrlard (thermal) cfficiency of the gas-turbine

power plant.
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The change of specific enthalpy for a gas system is, by Eq. (7-1f)'

equal to co(Tz - Zr), thus:

h q -  h t :  c p ( T E -  T r ) ;  a l s o  h t -  h r :  c p ( T z -  T r )

so rt,:r- '#=A:r-ft=r;
It can be shorvn that (Ir - Tr)/(T' - 7:) is equal to Trf Tz; lhus

4t:r-+:r-+:r--+ '  I  re-r+)
t 2  I 3  ( ' . ) ' T : t - ( t e ) t k - t t t k  

I

in which rp : pressure ratio, P z/ P r

Thus, the air-stanclarcl efficicncy of a crirrstarrt-l lressurc combustion
cycle rvith completc expansion is i<lentical rviLh the cfl icicncy of a con-
stant-volurne explosion cycle (Otto) rvith an incornplcte expansion
as used in spark-ignition cngines. Thercfore, thc thcoreticnl efficicncy
depencls only on the pressurc ratio (same efTect as compression nrtio
for the Otto cycle) and is indcpcnrlcrrt of the load just as it rvas for the
Otto cycle. On the basis of pressurc rati<i, the efficiency of the l3raylon
cycle is thc sarnc as for the Clarnot cyclc, but undcr this contlition the
trvo cycles are not bcring cornyralctl on the same basis of erluality of
source and clrain temlleratures. Therefore, uncler the latter c<lndition
thc Ilrayton cycle rlor:s rtot h:rve :rs high an c{l icicncy as the (larnot cyclc.
Ilorvever, it rloes point out th:lt thc efliciency is a funclion of thc prer.s-
sure ratio.

lt'igure 9-9 shorvs the cffccts of irrevcrsibilities rvhich are cncountcred
in the conlprcssor and turbine of the llrayton cycle. Thc systcrn has

Volume v

(a )
Entropy s

(b)

Fig. 9-9. Ilffects of irueversibilities. (a) Pressure-volume dia-
gram; (b) ternperaturc-cntropy diagram.

greater entropy at the conclusion of these processes than it would have
if the processes had bee' executecl perfcctly. Thus the e'thalpies are
also larger anrl the net rvork is (/zs - h'r) - (tr'r* 7t), nhich is a smaller
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amount than for the reversible cycle, both because the turbine work is
Iess and the compressor lvork is greater. Therefore, if the turbine and/or
the compressor has a lolv efficiency, the net output of the cycle may be
zero or even less than zero (negative). The follorving example illustrates
the performance of the Bray'ton cycle.

Example 9-4, An air-standard Brayton cycle operates with a pressure ratio
of 5. The temperatures at the inlets to the compressor and turbine are 100F
and 1300F, rcspectively. Find: (a) rvork of compression; (b) work of expansion;
(c) net n'ork; (d) rvork ratio; and (e) air-standard efficiency.

Solution (a): Figure 9-7 applics to this exanrple.

? r :  5 6 0 ( 5 ) ( 1 ' 4  1 ) / 1 ' 4 , :  5 6 0  X  1 . 5 8 5  :  8 8 8 R

wk" : f t :  -  ht:  cr(T" - Zr) :  0.24(888 - 560) :  78.7 I l tu per lb
Eq. (e-12)

Soltttion (b):

t
I

t

/  I  \ (  r . 4 _ l )  / t . 4

7 ' :  17601  :  l
\ 5 /

r v k l :  ( i 3  -  h o ) :  c r ( 7 3 -  T a )

: 156 lltu per llr

l 7 6 o :  
t t t o R

1.5u5

:  0 .21(1760 -  l l10)

Eq. (e-12)

Solution (c):

rvk, :  n'p, - wk": 156 - 78.7 : 77.3 Btu pcr Ib Eq. (9-12)

Solut ion (d):

\yR : *'u; 
: 

,if 
: 0.4e6 or 4e.6 pcr ccnr Eq. (e-ro)

5ti0

888
I - 0.631 : 0.369 or 36.9 per cent I fq. (9-1a)

, ' 4 t 9.9. METUODS To II}IPROVE GAS.TURBINE CYCLE EFFICIENCY

Increasing the pressure ratio and elevating thc inlct tetnperature,
Fig. 9-10, are effectivo nleans of irnproving the efficiency, but their
application is l irniterl by the decreasing resistance of the blatles of the
conrpressor and turbinc Lo corroston an(l creep. Another way to increase
efficicncy is by irnproving the perforrnance of the cornpressor and tur-
bine by applying acroclynarnic principles Lo improae the shape of the
blades. Other therrnotlynamic rnethods for improving the performance
of the gas-turbine po\ver plant will now be presented. 'I'hese methods
are not handicapped by thc rnetallurgical l imit.

It has becn sccn that the principle of regeneration has been used as
a scheme for elevating the average temperature of the heat-reception


