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The engine cycle is named afteeorge Braytoii183(;
1892), the Americaengineerwho developed it, although it
was originally proposed and patented by Englishrhaim
Barberin 1791.1t is also sometimes known as

the Joulecycle TheEricsson cyclis similar to the Brayton
cycle but uses external heat and incorporates the use ofia
regenerator. There are two types of Brayton cycles, open to
the atmosphere and using interneambustion chambeor
closed and using a heat exchanger.
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SimpleBraytonCycle

x BraytonCycle

Reactor systems that employs gas coolants offer the potential for operating as Biregdon
cycle by passing the heated gas directly into a turbine.

Ideal for singlephase, steadylow cycles with heat exchange and therefore is the basic cyc
for modern gas turbine plants as well as proposed nucleaicgakd reactor plants.

The ideal cycle is composed of two reversible conspmassure heatxchange processes
and two reversible, adiabatic work processes

¢ KS O2 YLINEG aBackNdrksi®aNdrger fractiah af the turbine work than is the
pump work in eRankinecycle.
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SimpleBraytonCycle
x BraytonCycle
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EXAMPLE 7-12 Compressing a Substance in the Liquid versus
Gas Phases

Determine the compressor work input required to compress steam isentropi-
cally from 100 kPa to 1 MPa, assuming that the steam exists as (a) satu-
rated liquid and (b) saturated vapor at the inlet state,

(@ v = Vi@ 1o0kpa = 0.001043 m3,/kg (Table A-5)
2
Weewin = J vdP = v (P, — P))
1

1 kJ
= (0.001043 m"’;’kg}[{l[]ﬂi} — 100) kPa] (—1)
1 kPam-

= 0.94 kJ/kg
(b) 2 2
Wevin = J vdP = J- dh = hz - h|
I I

Tds=dh— vdP (Eq.7-24)

v dP = dh
ds = 0 (isentropic process) }

P, = 100 kP hy = 2675.0kJ/k

State 1 ' a} | ke (Table A-5)
(sat. vapor) s, = 7.3589 kI /kg*K
P, =1MP

State 2: : a} h, = 3194.5kl kg (Table A—6)
82 = 8§

Weewsn = (3194.5 — 2675.0) kJ/kg = 519.5 kJ/kg
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x Brayton Cycle Analysis

Pressure or compression ratio of the cycle

p ol D
P Pa

For isentropic processes with a perfect gas, consiant

[e]

T6 ap. 8" ayvg””’
i I o IRACAD
C'i— ChM -~ CVa2—~

g

-1
TWi=c Tp? =c

For a perfect gas, because enthalpy is
a function of temperature only

and the specific heats are constant.

.&h=cpAT
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x Brayton Cycle Analysis
Entropy change of ideal gas

From the firstT dsrelation
du N P dv du = c,dT

ds =

T T P = RT/v
dT dv
ds =c,— + R —
T v
: dT Vs
SZ_SIZJI CV(T)7+R1H71

In =+ Rln =
S — 8§ = Cyave 1N — n—
2 I v.avg Tl Vl
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— Thermodynamics
: An Engineering Approach

Bight’ Edition in S1 Units

From the second disrelation

dh v dP
ds = — —
T I R
Y. ACengel
dh = c,dT vy = RT/P
: dT P,
— = T) — — Rln —
Sy — 8 Jl Cp( ) 7 n P
1, P,
Sz_S]_(}l\,gln__Rl -
e 1 P,
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x Brayton Cycle Analysis
Isentropic Processes of Ideal Gases

15 Vs
S = 8§ = Cyave In 7= + R1n R=c,-¢,,g=c,/c, Ric,=g-1
. 1 Vi
° ~R/c,
¢ Q
0= cInT+RIn Y InT—:-Elnﬁ:In ﬁg
T1 Vi T1 G v CVz~
AT,0_ Av, 0
—28: 18 For isentropic process, ideal gas
G+ G2~
T, P, _ _ 1_g-1
S5 — 81 = Cpave I —— — RIn — R=c,-¢,, g=¢c,/c, Ric,=1-—=
) T P, g g
T P L _R.P_ apg. _ apgd”""
0O=c,In2-RIn2 Y In-2=—In-2 :Inﬁ—zgp =Ing2g
1 1 T Cp R Qpl— (;Pl—
o) ~ o) ~(g'1)/g
a
nggp—zg For isentropic process, ideal gas
C'1—+ (;P1+



x Brayton Cycle Analysis

Isentropic Processes of Ideal Gases

[o] ~ [} - [o] ~ [o] ~ - /
o dwd'  4ng ang”"
5= ¢
Chi+ CY2~ Chi+ ¢~
Tv? ! = constant

TP1'9/9 = onstant

Pv?= constant
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x Brayton Cycle Analysis
Turbine work

. r . qu | l . »  Reactor —I/
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x Brayton Cycle Analysis

The heat input from the reactor

QR = mi‘p(‘Ti - Tz ) = -’jif.‘pjrl [% - [rp)'f‘”"f}

o
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The heat rejected by the heat exchanger

. . . 1 -
Qux = mc, (T, =T,) = mc,T, [(rp Y11/ - ?l]
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x Brayton Cycle Analysis
Maximum useful work

. : ' T )
wu. max — QR = mcp?‘l [?.:ﬁ(rp )Y If‘f}

Thermodynamic efficiency
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SimpleBraytonCycle

- Example 6.7: First Law Thermodynamic Analysis of a Simple Brayton Cycle
PROBLEM

Compute the cycle efficiency for the simple Brayton cycle of Figures 6.8 and 6.24
for the following conditions:

1. Helium as the working fluid taken as a perfect gas with
¢, = 1.25 Btu/Ib °R (5230 J/kg K)
y=1.658
m in Ib/s (English units) or kg/s (SI units)
2. Pressure ratio of 4.0

3. Maximum and minimum temperatures of 1750°R (972 K) and 500°R (278 K),
respectively

A
Q 1750 R (972 K) 3
»| Reactor
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SimpleBraytonCycle

- Example 6.7: First Law Thermodynamic Analysis of a Simple Brayton Cycle

SOLUTION

¢ W=V B[1=0/ G =R [1- )

W L (T /T, )- (r, )77 ]

- W = Wep)/m T p®UPY CXWY wxa
II"A'JI:,,!.E'I'I.[-I!II:‘f’rﬁl
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SimpleBraytonCycle
- Example 6.7: First Law Thermodynamic Analysis of a Simple Brayton Cycle

Wi 1 :

= 925.9Btu/lb (2.150M)/kg)

—= = Gl(R)" " =11 =1.25 (500) (4.0 ~1]
m

= 458.67Btu/Ib (1.066 MJ/kg)

Wu max Tj -1/ 1750 0.397
emx o e 2 = ()7 | =1.25 (500) | ——— — (4.0
. o%% 1[T () ] (500) [ 500 (4.0) ]

= 1103.8Btu/Ib (2.560 MJ/kg)

g = (Wr >~ ch-)/m - (925'9 = 458'7) 100 (English units)
W, e /1 1103.8
_(2.15-1.066
- [ 2.56
= 42.3%

Temperature, T’

) 100 (Slunits)

Y

Entropy, s
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- Example 6.7: First Law Thermodynamic Analysis of a Simple Brayton Cycle

Foax = Toin _ 972K = 278K

=0.714

n(:arnnl = T;m_x 9?2 K

[fp}op:imum = T 278

¥/2(y-1) 1.658/2(0.658)
Ty ( 972 J

= 4.84
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ideal Brayton cycle as a function of the compression ratio. Y= 1.658.
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- Example 6.7: First Law Thermodynamic Analysis of a Simple Brayton Cycle

The highest temperature in the cycle occurs at the end of
the combustion process (state 3), and it is limited by the
maximum temperature that the turbine blades can
withstand. This also limits the pressure ratios that can be
used in the cycle.

For a fixed turbine inlet temperatur&3, the net work

output per cycle increases with the pressure ratio, reaches a
maximum, and then starts to decrease. Therefore, there
should be a compromise between the pressure ratio (thus
the thermal efficiency) and the net work output.

With less work output per cycle, a larger mass flow rate
(thus a larger system) is needed to maintain the same power
output, which may not be economical.

In most common designs, the pressure ratio of gas turbines
ranges from about 11 to 16.
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7. More ComplexBraytonCycles



More ComplexBraytonCycles

Example 6.8: Brayton Cycle with Real Components

Compute the thermal efficiency for the cycle depicted in Figure 6.26 if the isen-
tropic efficiencies of the compressor and the turbine are each 90%. All other
conditions of Example 6.7 apply.

SOLUTION [\

Reactor

i

o 2 .
FUF W]’+ Compressor ’v Turbine
i Actual work out of turbine Wy _ mcy(T; = T) ‘//WT
T = : === =
Ideal turbine work Wr  mcy(Ty = Tis) / Heat \
We exchanger
) A YAYA Y 4
4:’\/\/1
A
1750 R (972 K) 3

o ~ o ~(g'l)/g
T.6 &P 0 Dy D <
R T T

(; 3= (; 3 = ] 4

(278 K) |

Y

Entropv, s



