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4 CYCLE, 2 REVOLUTIONS

Revolution 1 Revolution 2
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      The initial temperature and pressure of
 air inan ideal  Cold Otto cycle having a
compression ratio of10,  is 60 F and 14.7 psia
respectively.  Heat isadded in the constant
 volume process at a rateof 800 BTU/lbm.
 Consider air to be an idea gas.

Calculate: a)  The change in internal
                        energy per pound of air
                       during the compression process.
                  b)  The maximum temperature and
                         pressure of the cycle
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hrfuel/HP .44lbnConsumptio Fuel Specific
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---1st Revolution

---2nd Revolution

A  265 cubic in V8 gasoline engine
runs at 4600 rpm.  Compression work
is 1200 ft-lb, expansion work is 
1500 ft-lb and heat input is 1.27 BTU
per piston per cycle. The atmosphere
is 14.7 psia and 70 F. The air fuel
ratio is 20:1.  The heating value of
gasoline is 18,900 BTU/lb.  Find 

a) indicated HP  b) thermal efficiency
c) gasoline consumption per hr
d) specific fuel consumption.
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2 CYCLE, 1 Revolution/cycle
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Diesel Cycle
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7-21

What is the thermal efficiency
of a COLD air standard diesel 

cycle operating on 14.7 psia air 
at 75 F? The temperature of the 
air before and after heat addition  
are 750 F and 2900 F respectively.
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Stirling and Erickson Cycles
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Simple Brayton, Gas Turbine,  Cycle
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Propulsion Gas Turbine
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Figure 9.4  Air Standard Brayton Cycle
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Brayton Cycle with Real Compression and Expansion
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7-23

In an air COLD standard gas
turbine, 60 F and 14.7 psia air is 

compressed through a pressure 
ratio of  10.  Air enters at 1540 F
and expands to14.7 psia.  If the 

isentropic efficiency of the 
compressor and turbine are 83%
and 93% respectively.What is the
thermal efficiency of the cycle?

T

s

1
60 F

14.7 psia

2i
2

1540F
3

4
4i

%83=cη

%93=tη

93.7273.67
33.14226.215139.92-213.59

qw:Check

=
−=

=∑ ∑
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In an air standard gas
turbine, 60 F and 14.7 psia air is 

compressed through a pressure 
ratio of 10.  Air enters at 1540 F
and expands to 14.7 psia.  If the 

isentropic efficiency of the 
compressor and turbine are 83%
and 93% respectively.What is the
thermal efficiency of the cycle?

1
60 F

14.7 psia

2i
2

1540F
3

4
4i

%83=cη

%93=tη

T

s

( )

35.3%
240.42
155.431

Q
Q1η

BTU/lb 155.43124.27282.7hhq
BTU/lb 240.42264.28504.7hhq

BTU/lb 282.7hh.92hh

.93
hh
hh

W
Wη

BTU/lb 265.99h  1.74,pat  ion interpolatby 

17.41/10174.
p

ppp

504.71h    174.,p   R,2000At 
BTU/lb 264.28h

.83
124.27240.48124.27

.83
hhhh

.83
hh
hh

W
Wη

BTU/lb 240.48h

12.147101.2147
p

ppp

BTU/lb 124.27h  1.2147,p   R,520at 

out

in

14out

23in

4is334

4i3
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ideal

actual
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4isr4is
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4is
r3r4is

3r3
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12is
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actual
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1r1
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.1006
1.69
.17  ratio 

240.98    12.30    1000
240.48   12.147     998

236.02   10.61     980
hp           T          r         

=
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24

64

24

25

hh
hhessEffectivenr Regenerato        

hh
hhessEffectivenr Regenerato        

TransferHeatr  Ideal
erHeatTransf ActualessEffectivenr  Regenerato

−
−

=

−
−

=

=

Regenerated Brayton Cycle
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1
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4

6

7

8

95
10T

s

Brayton Cycle with:
Intercooling
Regeneration
Reheat
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    A gas turbine cycle operates with 2 stages of inter-cooled compression, a regenerator, and two stages of 
expansion with reheat between them.  Air enters the compressor at 100 kpa, 300 K at a volume flow of 5 
cubic meters/ sec.  The turbine and compressor stages have an equal pressure ratio, isentropic efficiencies 
of 80 % and the overall cycle pressure ratio is 8.  The regenerator effectiveness is 80%. Turbine inlet 
temperature is 1400 K.  Determine: 
     a) the cycle efficiency. 

1

2

3

4

7

8

95
10T

s      588.05                     100                   10
 1218.9                   283                     9

73 1144.     159.3      283    1105.9     8s
1515.42   450.50     800      1400       8

 1218.9                   283                     7
73 1144.     159.3      283    1105.9     7s

1515.42   450.50     800      1400       6
   1061.2                   800                     5
  430.34                  283                     4

404.31      3.920    283    403.29     3s
300.19     1.386    100         300        3

   430.34                  283                     2
404.31      3.920    283    403.29     2s
300.19     1.386    100         300        1
h        )(p       p             TPt       r

inQ inQ

outQ

outQ
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( )

( ) ( )
( )

( )

( )
( ) ( )

( )
( )

( )

( ) kJ/kg 588.05hhεhh  
10Point 

kJ/kg 1061.2hhεhh  
5Point 

hh
hh

hh
hh

Q
Qε  

alancer Energy BRecuperato
kJ/kg 1218.9/.8hhhh  

1105.9T 1144.73,h 159.3,p @  
159.3/ppp

450.5p  kJ/kg, 11414.42h 1400,T @ 22TableA  
6Point  

430.34/.8hhhh  
3Point 

404.31h  3.92,p @  
3.92ppp

2.83pr     8,ppratio pressure stage  
2sPoint 

1.386p kJ/kg, 300.19h 300,T @ 22A Table  
kg/sec 5.81/sec/v5mm  

kg/sec .861300/100.287RT/p  v
1Point 

49910

4945

49

109

49

45

max

actual

7s667

r7s

rr6sr7s

r1

12s12

2sr2s

rr1sr2s

rr

r1
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( ) ( )
( ) ( )

.438.52130.15/296Work RatioBack 
/WWWork RatioBack 

 KW1921.6kJ/sec 1921.6W
(130.15)][(296.52)25.81W

300.19)](430.341218.9)[(1515.4225.81W
)]h(h)h(h)h(h)h[(hmW

Work CompressorWork TurbineW

% 44.3
296.52454.22
130.15288.051η

ngintercooliexhaust
reheatcombustor1η

hhhh
hhhh1

Q
Q1η

turbinecompressor

34129876

cycle

cycle

3256

32110

in

out
cycle
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−=
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4
2is4is

T

k
1k

1

2
12is

3443

3232

1221

p
pTT

hhw
hhq
hhw

−

→

→

→









=

−=
−=
−=

Q

WW

Intercooled Compressionstage
single2

2

stage
single2is

inlet
pressure

discharge
pressure

s

T

inlet
pressure

discharge
pressure

s
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1

2

3

4
2is4isT

s

Q WW

2

stage
single2is

( )

( )
( ) ( )

( )

( ) ( )

( )

( ) ( )

higher 11.4%                                                                   

BTU/lb 77.68530851.95.24TTcw

R851.95
.8

TT
TT

R787.564530p/pTT

BTU/lb 68.3133.5134.8w

BTU/lb 33.51510649.61.24TTcw

R649.61
.8

510621.69510
.8

TTTT

R621.692510
p
pTT

BTU/lb 32.64530646.24TTcq

lb/BTU80.34)530675(24.TTcw

R675
.8

530646530
.8

TTTT

R6462530
p
pTT

34p
stage
single

o
1

stage      
single  2is

1
stage
single

o.2857k
1k

1
stage    
single  21

stage      
single  2is

cooled
inter

34p43

o34is
34

o.2857
k

1k

3

4
14is

32p32
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Compare compression over
a pressure ratio of 4 from
14.7 psia, 530 R with
compression in two 
stages of equal pressure 
ratio intercooled
to 510 R.  The
efficieny of
all stages 
is 80%

stage
single2
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INTEGRAL GEAR
CENTRIFUGAL COMPRESSOR
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Intercooled Supercharger

TurbochargerSupercharger

Q

1

2 3

4



38

Turbocharger

W

1

2 3

4

1

2

3

4engine
compression
stroke

combustion
v=constant

engine
power
stroke

T
P atm

Air Standard Otto Cycle
with a Turbocharger
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ProCharger Supercharger
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TurboCharger

Compressed
Air to Engine

Engine
Exhaust

Air Inlet


