
Farokhi problem 3.1 

The total pressures and temperatures of the gas in an afterburning turbojet engine are 
shown (J57 “B” from Pratt & Whitney, 1988). The mass flow rates for the air and fuel are 
also indicated at two engine settings, the Maximum Power and the Military Power. Use the 
numbers specified in this engine to calculate: 

 
 

 
a) the fuel-to-air ratio f in the primary burner and the afterburner, at both power settings 

𝑓 = 𝑚̇𝑓/𝑚̇2 = 4.24/78.0 = 0.0544        𝑓𝑀𝑖𝑙 = 𝑚̇𝑓/𝑚̇2 = 1.075/74.4 = 0.0145   

b) the low- and high-pressure spool compressor pressure ratios and the turbine pressure 
ratio (note that these remain constant with the two power settings) 

𝜋𝑐𝐿𝑝 = 𝑝𝑡2.5/𝑝𝑡2 = 372/101.3 = 3.67     

𝜋𝑐𝐻𝑝 = 𝑝𝑡3/𝑝𝑡2.5 = 1.151/372 = 3.09   𝜋𝑡 = 𝑝𝑡5/𝑝𝑡4 = 248/1089 = 0.228 



c) the exhaust velocity for both power settings by assuming the specified thrust is based 
on the nozzle gross thrust (because of sea level static) and neglecting any pressure 
thrust at the nozzle exit 

𝐹 = 𝑚̇9𝑉9 → 𝑉9 =
𝐹

𝑚̇9
=

71.200

4.24 + 78.0
= 866 ⋅

𝑚

𝑠
                 

𝐹𝑀𝑖𝑙 = 𝑚̇9𝑉9 → 𝑉9 =
𝐹

𝑚̇9
=

45.400

1.075 + 74.40
= 602 ⋅

𝑚

𝑠
 

d) the thermal efficiency of this engine for both power settings (at the sea level static 
operation), assuming the fuel heating value is 18,600 BTU/lbm and cp=0.24BTU/lbmR. 
Explain the lower thermal efficiency of the Maximum power setting 

𝜂𝑡h =
(1 + 𝑓)𝑉9

2 − 𝑉0
2

2𝑓𝑄𝑅
=

1.054 ⋅ 8662

2 ⋅ 0.0544 ⋅ 43.300 ⋅ 106
= 16.8%           

𝜂𝑡h𝑀𝑖𝑙
=

(1 + 𝑓)𝑉9
2 − 𝑉0

2

2𝑓𝑄𝑅
=

1.014 ⋅ 6022

2 ⋅ 0.0145 ⋅ 43.300 ⋅ 106
= 29.4% 

e) the thrust specific fuel consumption in lbm/h/lbf in both power settings 

𝑇𝑆𝐹𝐶 =
𝑚̇𝑓

𝐹𝑢
=

4.24

71.200
= 59.6 ⋅

𝑚𝑔

𝑁
       𝑇𝑆𝐹𝐶𝑀𝑖𝑙 =

𝑚̇𝑓

𝐹𝑢
=

1.075

45.400
= 23.7 ⋅

𝑚𝑔

𝑁
  

f) the Carnot efficiency of a corresponding engine, i.e., operating at the same 
temperature limits, in both settings 

𝜂𝐶𝑎𝑟𝑛𝑜𝑡 = 1 −
𝑇𝑚𝑖𝑛

𝑇𝑚𝑎𝑥
= 1 −

288

1666
= 82.7%          𝜂𝐶𝑎𝑟𝑛𝑜𝑡𝑀𝑖𝑙

= 1 −
𝑇𝑚𝑖𝑛

𝑇𝑚𝑎𝑥
= 1 −

288

1128
= 74.5% 

g) the comparison of percent thrust increase to percent fuel flow rate increase when we 
turn the afterburner on 

%𝐹 = 100
𝐹𝐴𝐵 − 𝐹𝑀𝑖𝑙

𝐹𝑀𝑖𝑙
= 100 

71.200 − 45.400

45.400
= 56.8%                   

%𝑚̇𝑓 = 100
𝑚̇𝑓𝐴𝐵 − 𝑚̇𝑓𝑀𝑖𝑙

𝑚̇𝑓𝑀𝑖𝑙
= 100 

4.24 − 1.075

1.075
= 295% 

h) why don’t we get proportional thrust increase with fuel flow increase (when it is 
introduced in the afterburner), i.e., doubling the fuel flow in the engine (through 
afterburner use) does not double the thrust. 

 

  



TurboJet by Tom 

 

𝑘 =
𝛾 − 1

𝛾
=

1.4 − 1

1.4
= 0.286               𝑘𝑡 =

1.33 − 1

1.33
= 0.248         𝑘9 =

1.3 − 1

1.3
= 0.231 

𝑅 = 𝑘𝑐𝑝 = 1004 ⋅ 0.286 = 287
𝐽

𝑘𝑔 ⋅ 𝐾
            𝑅𝑡 = 𝑘𝑡𝑐𝑝𝑡 = 1152 ⋅ 0.248

𝐽

𝑘𝑔 ⋅ 𝐾
 = 286      

𝑅9 = 𝑘9𝑐𝑝9 = 1243 ⋅ 0.231 = 287
𝐽

𝑘𝑔 ⋅ 𝐾
  

𝜋𝐴𝐵.𝑜𝑓𝑓 = 1 

Effetto Ram 

𝑎0 = √𝛾𝑅𝑇0 = √1.4 ⋅ 287 ⋅ 250 = 317
𝑚

𝑠
           𝑉0 = 𝑀0𝑎0 = 2 ⋅ 317 = 634

𝑚

𝑠
               

𝜏𝑟 = 𝜓0 = 1 +
γ − 1

2
𝑀0

2   = 1.8 

𝑇𝑡0 = 𝑇0𝜏𝑟 = 250 ⋅ 1.8 = 450 ⋅ 𝐾         𝑝𝑡0 = 𝑝0𝜏𝑟

1
𝑘 = 1.013 ⋅ 105 ⋅ 1.8

1
0.286 = 7.91 ⋅ 105 ⋅ 𝑃𝑎 

Diffusore 

𝑝𝑡2 = 𝑝𝑡0𝜋𝑑 = 7.91 ⋅ 105 ⋅ 0.96 = 7.59 ⋅ 105𝑃𝑎  

Compressore 

𝜏𝑐 = 𝜋𝑐

𝑘
𝑒𝑐 = 10

0.286
0.9 = 2.08        𝑝𝑡3 = 𝑝𝑡2𝜋𝑐 = 7.59 ⋅ 105 ⋅ 10 = 7.59 ⋅ 106 ⋅ 𝑃𝑎          

𝑇𝑡3 = 𝑇𝑡2𝜏𝑐 = 450 ⋅ 2.08 = 936 ⋅ 𝐾 

Camera di Combustione 

𝜏𝜆 =
𝑐𝑝𝑡𝑇𝑡4

𝑐𝑝𝑇0
=

1152 ⋅ 1750

1004 ⋅ 250
= 8.03      

𝑓 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅𝜂𝑏/(𝑐𝑝𝑇0) − 𝜏𝜆

=
8.03 − 2.08 ⋅ 1.8

42.8 ⋅ 106 ⋅ 0.99
1004 ⋅ 250

− 8.03
= 0.0267               

𝜏𝑏 =
𝜏𝜆

𝜏𝑐𝜏𝑟
=

8.03

2.08 ⋅ 1.8
= 2.14 



𝑝𝑡4 = 𝑝𝑡3π𝑏 = 7.59 ⋅ 106 ⋅ 0.95 = 7.21 ⋅ 106 ⋅ 𝑃𝑎   

Turbina 

𝜏𝑡 = 1 −
(𝜏𝑐 − 1)𝜏𝑟

𝜂𝑚(1 + 𝑓)𝜏𝜆
= 1 −

1.08 ⋅ 1.8 

0.99 ⋅ 1.027 ⋅ 8.03
= 0.762      𝜋𝑡 = 𝜏𝑡

1
𝑘𝑡𝑒𝑡 = 0.763

1
0.248⋅0.90 = 0.296 

𝑝𝑡5 = 𝑝𝑡4π𝑡 = 7.21 ⋅ 106 ⋅ 0.296 = 2.13 ⋅ 106 ⋅ 𝑃𝑎             

𝑇𝑡5 = 𝑇𝑡4𝜏𝑡 = 1750 ⋅ 0.762 = 1334 ⋅ 𝐾      

Ugello  

𝑝𝑡9 = 𝑝𝑡5𝜋𝑛 = 2.13 ⋅ 106 ⋅ 0.97 = 2.07 ⋅ 106 ⋅ 𝑃𝑎            𝑇𝑡9 = 𝑇𝑡5 = 1334 ⋅ 𝐾 

𝑝𝑡9

𝑝9
= 𝜋𝑛𝜋𝑡𝜋𝑏𝜋𝑐𝜋𝑑𝜋𝑟

𝑝0

𝑝9
=

𝑝𝑡9

𝑝0

𝑝0

𝑝9
=

20.7

1.013
⋅ 1 = 20.4            

𝑀9 = √
2

𝛾𝑡 − 1
[(

𝑝𝑡9

𝑝9
)

𝑘𝑡

− 1] = √
2

0.33
(20.630.248 − 1) = 2.60 

𝑇𝑡9

𝑇9
= 𝜓9 = 1 +

γ𝑡 − 1

2
𝑀9

2 = (
𝑝𝑡9

𝑝9
)

𝑘𝑡

= 20.0.248 = 2.12             

𝑇9 =
𝑇9

𝑇𝑡9
𝑇𝑡9 =

1335

2.12
= 630 ⋅ 𝐾         𝑎9 = √γ𝑡𝑅9𝑇9 = √1.33 ⋅ 286 ⋅ 630 = 490 ⋅

𝑚

𝑠
 

𝑉9 = 𝑀9𝑎9 = 2.60 ⋅ 490 = 1274 ⋅
𝑚

𝑠
             𝑉9.𝑒 = 𝑉9 (1 +

1 −
𝑝0

𝑝9

𝛾9𝑀9
2 ) = 𝑉9        

𝑉9

𝑎0
=

1274

317
= 4.02 

Spinta e rendimenti 

𝐹𝑢

𝑚̇0𝑎0
= (1 + 𝑓)

𝑉9.e

𝑎0
− 𝑀0 = 1.027 ⋅ 4.02 − 2 = 2.13 

𝜂𝑡h =
Δ𝐾𝐸̇

𝒫𝑡
=

𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2]

2𝑓𝑄𝑅
=

𝐵

2𝑓𝑄𝑅
          

𝜂𝑝 =
𝐹𝑖𝑉0

𝛥𝐾𝐸̇
≈

2𝐹𝑢𝑉0/𝑚̇0

𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2]
=

2𝐹𝑢𝑉0/𝑚̇0

𝐵
 

𝐵 = 𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2] = 3172[1.027 ⋅ 4.022 − 4] = 1.265 ⋅ 106 ⋅
𝑚2

𝑠2
 

𝜂𝑡h =
𝐵

2𝑓𝑄𝑅
=

1.26 ⋅ 106

2 ⋅ 0.0266 ⋅ 42.800 ⋅ 106
= 0.553           

𝜂𝑝 =
2𝑎0𝑉0

𝐹𝑢

𝑚̇0𝑎0
 

𝐵
=

2 ⋅ 317 ⋅ 634 ⋅ 2.13

1.26 ⋅ 106
= 0.677         𝜂𝑜 = 𝜂𝑝𝜂𝑡h = 0.553 ⋅ 0.677 = 0.374 

𝑇𝑆𝐹𝐶 =
𝑚̇𝑓

𝐹𝑢
=

𝑓

𝐹𝑢/𝑚̇0
=

𝑓

𝑎0
𝐹𝑢

𝑚̇0𝑎0

=
0.0266

317 ⋅ 2.13
= 3.94 ⋅ 10−5 ⋅

𝑘𝑔

𝑁𝑠
= 0.0395 ⋅

𝑘𝑔

𝑘𝑁𝑠
 

Post bruciatore acceso 

𝑝𝑡7 = 𝑝𝑡5𝜋𝐴𝐵 = 2.13 ⋅ 106 ⋅ 0.98 = 2.09 ⋅ 106 ⋅ 𝑃𝑎    



𝜏𝜆.𝐴𝐵 =
𝑐𝑝9𝑇𝑡7

𝑐𝑝𝑇0
=

1243 ⋅ 2250

1004 ⋅ 250
= 11.14             

𝑓𝐴𝐵 =
(1 + 𝑓)(𝜏𝜆𝐴𝐵 − 𝜏𝜆𝜏𝑡)

𝑄𝑅.𝐴𝐵𝜂𝐴𝐵

𝑐𝑝𝑇0
− 𝜏𝜆.𝐴𝐵

=
1.027(11.14 − 8.03 ⋅ 0.762)

42.800 ⋅ 106 ⋅ 0.99
1004 ⋅ 250

− 11.14
= 0.0327 

Ugello  

𝑝𝑡9 = 𝑝𝑡7𝜋𝑛 = 2.09 ⋅ 106 ⋅ 0.97 = 2.03 ⋅ 106 ⋅ 𝑃𝑎            𝑇𝑡9 = 𝑇𝑡7 = 2250 ⋅ 𝐾 

𝑝𝑡9

𝑝9
= 𝜋𝑛𝜋𝐴𝐵𝜋𝑡𝜋𝑏𝜋𝑐𝜋𝑑𝜋𝑟

𝑝0

𝑝9
=

𝑝𝑡9

𝑝0

𝑝0

𝑝9
=

20.3

1.013
⋅ 1 = 20.0            

𝑀9 = √
2

𝛾9 − 1
[(

𝑝𝑡9

𝑝9
)

𝑘9

− 1] = √
2

0.30
(20.00.231 − 1) = 2.58 

𝑇𝑡9

𝑇9
= 𝜓9 = 1 +

γ9 − 1

2
𝑀9

2 = (
𝑝𝑡9

𝑝9
)

𝑘9

= 20.00.231 = 1.998             

𝑇9 =
𝑇9

𝑇𝑡9
𝑇𝑡9 =

2250

1.998
= 1125 ⋅ 𝐾         𝑎9 = √γ9𝑅9𝑇9 = √1.30 ⋅ 287 ⋅ 1125 = 648 ⋅

𝑚

𝑠
 

𝑉9 = 𝑀9𝑎9 = 2.58 ⋅ 648 = 1672 ⋅
𝑚

𝑠
             𝑉9.𝑒 = 𝑉9 (1 +

1 −
𝑝0

𝑝9

𝛾9𝑀9
2 ) = 𝑉9        

𝑉9

𝑎0
=

1672

317
= 5.27 

Spinta e rendimenti 

𝐹𝑢

𝑚̇0𝑎0
= (1 + 𝑓 + 𝑓𝐴𝐵)

𝑉9.e

𝑎0
− 𝑀0 = (1 + 0.0266 + 0.0327) ⋅ 5.27 − 2 = 3.58 

𝜂𝑡h =
Δ𝐾𝐸̇

𝒫𝑡
=

𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2]

2𝑓𝑄𝑅
=

𝐵

2𝑓𝑄𝑅
          

𝜂𝑝 =
𝐹𝑖𝑉0

𝛥𝐾𝐸̇
≈

2𝐹𝑢𝑉0/𝑚̇0

𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2]
=

2𝐹𝑢𝑉0/𝑚̇0

𝐵
 

𝐵 = 𝑎0
2[(1 + 𝑓 + 𝑓𝐴𝐵)(𝑉9/𝑎0)2 − 𝑀0

2] = 3172[(1 + 0.0266 + 0.0327) ⋅ 5.272 − 4]

= 2.55 ⋅ 106 ⋅
𝑚2

𝑠2
 

𝜂𝑡h =
𝐵

2𝑓𝑄𝑅
=

2.55 ⋅ 106

2 ⋅ (0.0266 + 0.0327) ⋅ 42.800 ⋅ 106
= 0.502           

𝜂𝑝 =
2𝑎0𝑉0

𝐹𝑢

𝑚̇0𝑎0
 

𝐵
=

2 ⋅ 317 ⋅ 634 ⋅ 3.59

2.55 ⋅ 106
= 0.564         𝜂𝑜 = 𝜂𝑝𝜂𝑡h = 0.502 ⋅ 0.564 = .283 

𝑇𝑆𝐹𝐶 =
𝑚̇𝑓

𝐹𝑢
=

𝑓

𝐹𝑢/𝑚̇0
=

𝑓

𝑎0
𝐹𝑢

𝑚̇0𝑎0

=
(0.0266 + 0.0327)

317 ⋅ 3.58
= 5.23 ⋅ 10−5 ⋅

𝑘𝑔

𝑁𝑠
= 0.0523 ⋅

𝑘𝑔

𝑘𝑁𝑠
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