
Fa 11.10 

A turbojet engine has the following design parameters (which is at takeoff): 

𝑀0 = 0, 𝑝0 = 101.3 𝑘𝑃𝑎, 𝑇0 = 15𝐶, γc = 1.4, 𝑐𝑝𝑐 =  1004 𝐽 𝑘𝑔⁄ 𝐾, 𝜋𝑑 = 0 . 95,  

𝜋𝑐 =  30, 𝑒𝑐 =  0 . 90, 𝑄𝑅 =  42,600 𝑘𝐽 𝑘𝑔⁄ , 𝜋𝑏 =  0.95, 𝜂𝑏 =  0 . 98,  

𝑇𝑡4 =  1700 𝐶, 𝜂𝑚 =  0 . 98, 𝑒𝑡 =  0 . 85, 𝛾𝑡 =  1.33, 𝑐𝑝𝑡 =  1156 𝐽 𝑘𝑔𝐾⁄ ,  

𝜋𝑛 =  0 . 90, 𝑝9 =  𝑝0 

This engine powers an aircraft that cruises at 𝑀0 =  0.80 at an altitude where 𝑇0 =
 −35𝐶, 𝑝0 =  20 𝑘𝑃𝑎. The turbine entry temperature at cruise is 𝑇𝑡4 =  1500𝐶. Assume that 
the engine has the same component efficiencies at cruise and takeoff, and the nozzle is 
perfectly expanded at cruise, as well. Calculate 
(a) the exhaust velocity 𝑉9 (in m/s) at the design point, i.e., at takeoff 
 

  2 3 4 5 9     

  diff comp CC Tur No    

cp 1004     1156 J/kgs Mz 0.5 

 1.4     1.33   N 7460 

 0.95 30 0.95   0.9 m2 77 

, ec,t   0.9 0.98 0.85   Tref 288.15 

Tt       1973   Pref 
   
101,300  

M0 0   po/p9 1 QR 42600 kJ/kgK 

T0 288 K p0 101,300 Pa m 0.98 

k 0.286 K 3 0.248       

R 287     287       

a0 340 m/s V0 0 m/s     

r=Tt0=0/T0() 1             

Section c t        t 

 2.94 0.757 7.89      0.267661 

Section 0 2 3 4 5 7 9 

Tt 288 288 848 1973 1494   1494 

pt 101,300 96,235 2,887,050 2,742,698 734,114   660,702 

Section f Pt9/p9 M9 Tt9/T9 T9/T0 a9   

3 0.03622 6.52 1.89 1.592 3.26 598 m/s 

    V9   V9/a0 V9/a0 eff F/ma0 Num 

    1134 m/s 3.33 3.33 3.45 1331784 

Section t th p 0 TSFC*1e3     

h 0.870 0.432 0.000 0.0000 0.0308     

δ2 θ2 Θ mc2 Nc2 θ4 Nc4   

0.950 0.999 6.85 81.0 7462 6.85 2851   

 



𝑘 =
𝛾 − 1

𝛾
=

1.4 − 1

1.4
= 0.2857               𝑘𝑡 =

𝛾𝑡 − 1

𝛾𝑡
=

1.33 − 1

1.33
= 0.248          

𝑅 = 𝑘𝑐𝑝 = 1004 ⋅ 0.2857 = 287
𝐽

𝑘𝑔 ⋅ 𝐾
            𝑅𝑡 = 𝑘𝑡𝑐𝑝𝑡 = 1156 ⋅ 0.248 = 287 

𝐽

𝑘𝑔 ⋅ 𝐾
    

Effetto Ram 

𝑎0 = √𝛾𝑅𝑇0 = √1.4 ⋅ 287 ⋅ 288 = 340
𝑚

𝑠
           𝑉0 = 𝑀0𝑎0 = 0

𝑚

𝑠
   

𝜏𝑟 = 𝜓0 = 1 +
γ − 1

2
𝑀0

2 = 1 

𝑇𝑡0 = 𝑇0𝜏𝑟 = 250 ⋅ 1 = 288 ⋅ 𝐾         𝑝𝑡0 = 𝑝0𝜏𝑟

1
𝑘 = 1.013 ⋅ 105 ⋅ 1

1
0.2857 = 101.3 ⋅ 𝑘𝑃𝑎 

Diffusore 

𝑝𝑡2 = 𝑝𝑡0𝜋𝑑 = 101.3 ⋅ 0.95 = 96.2 ⋅ 𝑘𝑃𝑎  

Compressore 

𝜏𝑐 = 𝜋𝑐

𝑘
𝑒𝑐 = 30

0.2857
0.9 = 2.94        𝑝𝑡3 = 𝑝𝑡2𝜋𝑐 = 96.2 ⋅ 30 = 2887 ⋅ 𝑘𝑃𝑎 

𝑇𝑡3 = 𝑇𝑡2𝜏𝑐 = 288 ⋅ 2.94 = 848 ⋅ 𝐾 

Camera di Combustione 

𝜏𝜆 =
𝑐𝑝𝑡𝑇𝑡4

𝑐𝑝𝑇0
=

1154 ⋅ 1973

1004 ⋅ 288
= 7.893              

𝑓 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅𝜂𝑏/(𝑐𝑝𝑇0) − 𝜏𝜆

=
7.89 − 2.94 ⋅ 1.0

42.6 ⋅ 106 ⋅ 0.98
1004 ⋅ 288  − 7.89

= 0.0362               

𝜏𝑏 =
𝜏𝜆

𝜏𝑐𝜏𝑟
=

7.89

2.94 ⋅ 1.0
= 2.68 

𝑝𝑡4 = 𝑝𝑡3π𝑏 = 2887 ⋅ 0.95 = 2742 ⋅ 𝑘𝑃𝑎   

Turbina 

𝜏𝑡 = 1 −
(𝜏𝑐 − 1)𝜏𝑟

𝜂𝑚(1 + 𝑓)𝜏𝜆
= 1 −

1.94 ⋅ 1.0 

0.98 ⋅ 1.036 ⋅ 7.89
= 0.757              

𝜋𝑡 = 𝜏𝑡

1
𝑘𝑡𝑒𝑡 = 0.757

1
0.248⋅0.85 = 0.268  

𝑝𝑡5 = 𝑝𝑡4π𝑡 = 2742 ⋅ 0.268 = 734 ⋅ 𝑘𝑃𝑎            𝑇𝑡5 = 𝑇𝑡4𝜏𝑡 = 1973 ⋅ 0.757 = 1494 ⋅ 𝐾      

Ugello  

𝑝𝑡9 = 𝑝𝑡5π𝑛 = 734 ⋅ 0.90 = 661 ⋅ 𝑘𝑃𝑎            𝑇𝑡9 = 𝑇𝑡5 = 1494 ⋅ 𝐾 

𝑝𝑡9

𝑝9
= 𝜋𝑛𝜋𝑡𝜋𝑏𝜋𝑐𝜋𝑑𝜋𝑟

𝑝0

𝑝9
=

𝑝𝑡9

𝑝0

𝑝0

𝑝9
=

661

101.3
⋅ 1 = 6.52            



𝑀9 = √
2

𝛾𝑡 − 1
[(

𝑝𝑡9

𝑝9
)

𝑘𝑡

− 1] = √
2

0.33
(6.520.248 − 1) = 1.89 

𝑇𝑡9

𝑇9
= 𝜓9 = 1 +

γ𝑡 − 1

2
𝑀9

2 = (
𝑝𝑡9

𝑝9
)

𝑘𝑡

= 6.520.248 = 1.59            𝑇9 =
𝑇9

𝑇𝑡9
𝑇𝑡9 =

1494

1.59
= 938 ⋅ 𝐾       

𝑎9 = √γ𝑡𝑅9𝑇9 = √1.33 ⋅ 287 ⋅ 938 = 598 ⋅
𝑚

𝑠
 

𝑉9 = 𝑀9𝑎9 = 1.89 ⋅ 598 = 1134 ⋅
𝑚

𝑠
             𝑉9.𝑒 = 𝑉9 (1 +

1 −
𝑝0

𝑝9

𝛾9𝑀9
2 ) = 𝑉9        

𝑉9

𝑎0
=

1134

340
= 3.33 

Spinta e rendimenti 
(b) the thermal efficiency 𝜼𝒕𝒉 at the design point 
(c) thrust-specific fuel consumption at the design point 
(d) the compressor pressure ratio at cruise 
(e) the exhaust velocity 𝑽𝟗 (in m/s) at cruise 

𝐹𝑢

�̇�0𝑎0
= (1 + 𝑓)

𝑉9.e

𝑎0
− 𝑀0 = 1.036 ⋅ 3.33 − 0 = 3.45 

𝜂𝑡h =
Δ𝐾�̇�

𝒫𝑡
=

𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2]

2𝑓𝑄𝑅
=

𝐵

2𝑓𝑄𝑅
         

𝜂𝑝 =
𝐹𝑖𝑉0

𝛥𝐾�̇�
≈

2𝐹𝑢𝑉0/�̇�0

𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2]
=

2𝐹𝑢𝑉0/�̇�0

𝐵
 

𝐵 = 𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2] = 1.036 ⋅ 11342 − 02 = 1.332 ⋅ 106 ⋅
𝑚2

𝑠2
 

𝜂𝑡h =
𝐵

2𝑓𝑄𝑅
=

1.332 ⋅ 106

2 ⋅ 0.0362 ⋅ 42.600 ⋅ 106
= 0.43  

𝜂𝑝 =
2𝑎0𝑉0

𝐹𝑢

�̇�0𝑎0
 

𝐵
=

2 ⋅ 340 ⋅ 0 ⋅ 3.45

1.332 ⋅ 106
= 0         𝜂𝑜 = 𝜂𝑝𝜂𝑡h = 0.43 ⋅ 0 = 0. 

𝑇𝑆𝐹𝐶 =
�̇�𝑓

𝐹𝑢
=

𝑓

𝐹𝑢/�̇�0
=

𝑓

𝑎0
𝐹𝑢

�̇�0𝑎0

=
0.0362

340 ⋅ 3.45
= 3.08 ⋅ 10−5 ⋅

𝑘𝑔

𝑁𝑠
= 0.0308 ⋅

𝑘𝑔

𝑘𝑁𝑠
 

Parametri corretti 

𝛿𝑖 =
𝑝𝑡𝑖

𝑝𝑟𝑒𝑓
     𝜃𝑖 =

𝑇𝑡𝑖

𝑇𝑟𝑒𝑓
      Θ =

𝑇𝑡4

𝑇𝑡2
 

�̇�𝑐𝑖 =
𝑚𝑖̇ √𝜃𝑖

𝛿𝑖
           𝑁𝑐2 = 𝑁2/√𝜃2           𝑁𝑐4 = 𝑁4/√𝜃4 

𝛿2 =
𝑝𝑡2

𝑝𝑟𝑒𝑓
=

96.2

101.3
= 0.950         𝜃2 =

𝑇𝑡2

𝑇𝑟𝑒𝑓
=

288

288.15
= 0.999       Θ =

𝑇𝑡4

𝑇𝑡2
=

1973

288
= 6.85 

𝜃4 =
𝑇𝑡4

𝑇𝑟𝑒𝑓
=

1973

288.15
= 6.85  



Supponiamo che in condizioni di progetto si abbia: 

𝑀𝑧 = 0.5, 𝑁 = 7460 ⋅ 𝑟𝑝𝑚, �̇�2^  = 77 ⋅
𝑘𝑔

𝑠
   

�̇�𝑐2 =
𝑚2̇ √𝜃2

𝛿2
=

77√0.999

0.95
= 81.0 ⋅

𝑘𝑔

𝑠
          𝑁𝑐2 = 𝑁2/√𝜃2 =

7460

√0.999
= 7462 ⋅ rpm 

𝑁𝑐4 = 𝑁4/√𝜃4 =
7460

√6.85
= 2851 ⋅ rpm  

Off design 

Le condizione di fuori progetto sono: 

𝑀0 = 0.80,  𝑇0 = −35𝐶 = −35 + 273 = 238 ⋅ 𝐾, 𝑝0 = 20 ⋅ 𝑘𝑃𝑎, 𝑇𝑡4 = 1500𝐶 = 1773 ⋅ 𝐾.  

Si parte con   

Effetto Ram 

𝑎0 = √𝛾𝑅𝑇0 = √1.4 ⋅ 287 ⋅ 238 = 309
𝑚

𝑠
           𝑉0 = 𝑀0𝑎0 = 0.8 ⋅ 309 = 247

𝑚

𝑠
   

𝜏𝑟 = 𝜓0 = 1 +
γ − 1

2
𝑀0

2 = 1 + .2 ⋅ 0.82 = 1.128 

 𝑇𝑡0 = 𝑇𝑡2 = 𝑇0𝜏𝑟 = 238 ⋅ 1.128 = 268 ⋅ 𝐾         𝑝𝑡0 = 𝑝0𝜏𝑟

1
𝑘 = 20 ⋅ 1.128

1
0.2857 = 30.5 ⋅ 𝑘𝑃𝑎 

Diffusore 

𝑝𝑡2 = 𝑝𝑡0𝜋𝑑 = 30.5 ⋅ 0.95 = 29.0 ⋅ 𝑘𝑃𝑎  

Parametri corretti Off design 

𝛿2 =
𝑝𝑡2

𝑝𝑟𝑒𝑓
=

29.0

101.3
= 0.286         𝜃2 =

𝑇𝑡2

𝑇𝑟𝑒𝑓
=

268

288.15
= 0.932       Θ =

𝑇𝑡4

𝑇𝑡2
=

1773

288
= 6.60 

𝜃4 =
𝑇𝑡4

𝑇𝑟𝑒𝑓
=

1773

288.15
= 6.15 

𝜏𝜆 =
𝑐𝑝𝑡𝑇𝑡4

𝑐𝑝𝑇0
=

1154 ⋅ 1773

1004 ⋅ 268
= 8.58   

Off design 
(d) the compressor pressure ratio at cruise 

𝜏𝑐 − 1 = 𝜂𝑚(1 + 𝑓)
𝑐𝑝4

𝑐𝑝2

𝑇𝑡4

𝑇𝑡2

(1 − 𝜏𝑡) 

𝜏𝑐 = 1 + 0.98(1. +𝑓)
1150

1004
6.60(1 − 0.757) = 1 + (1 + 𝑓)1.80 = 1 + 1.036 ⋅ 1.80 = 2.865 

𝑓 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅𝜂𝑏

(𝑐𝑝𝑇0)
− 𝜏𝜆

=
8.58 − 𝜏𝑐 ⋅ 1.128

42.6 ⋅ 106 ⋅ 0.98
1004 ⋅ 238  − 8.58

=
8.58 − 𝜏𝑐 ⋅ 1.128

166.1

= 5.166 ⋅ 10−2 − 6.791 ⋅ 10−3𝜏𝑐 = 0.0322 

𝜏𝑐 = 1 + (1 + 𝑓)1.80 = 1 + 1.032 ⋅ 1.80 = 2.858 



𝑓 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅𝜂𝑏/(𝑐𝑝𝑇0) − 𝜏𝜆

= 5.166 ⋅ 10−2 − 6.791 ⋅ 10−3𝜏𝑐 = 0.0322 

𝜏𝑐 = 2.867          𝑓 = 0.0322 

�̇�𝑐2,𝑂𝐷

�̇�𝑐2,𝐷
≈

𝜋𝑐,𝑂𝐷

𝜋𝑐,𝐷

√
Θ𝐷

Θ𝑂𝐷
          �̇�𝑐2,𝑂𝐷 = �̇�𝑐2,𝐷

𝜋𝑐,𝑂𝐷

𝜋𝑐,𝐷

√
Θ𝐷

Θ𝑂𝐷
= 81.0

27.6

30
√

6.85

6.60
= 75.9 ⋅

𝑘𝑔

𝑠
 

�̇�2 =
�̇�𝑐2𝛿2

√𝜃2

= 75.9 ⋅
0.286

√0.932
= 22.5 ⋅

𝑘𝑔

𝑠
 

𝑁𝑐4,𝑂𝐷 ≈ 𝑁𝑐4,𝐷 ≈ 2851 ⋅ rpm  →       𝑁4 = √𝜃4𝑁c4 = √6.15 ⋅ 2851 = 7072 ⋅ 𝑟𝑝𝑚  

�̇�𝑐2,𝑂𝐷

�̇�𝑐2,𝐷
=

𝑀𝑧2,𝑂𝐷𝜓𝑧2,𝑂𝐷
−𝐾2

𝑀𝑧2,𝐷𝜓𝑧2,𝐷
−𝐾2

      →         𝑀𝑧2,𝑂𝐷𝜓𝑧2,𝑂𝐷
−𝐾2 =

�̇�𝑐2,𝑂𝐷

�̇�𝑐2,𝐷
 𝑀𝑧2,𝐷𝜓𝑧2,𝐷

−𝐾2     

𝐾2 =
𝛾 + 1

2(γ − 1)
=

2.4

0.8
= 3 

𝑀𝑧2,𝑂𝐷𝜓𝑧2,𝑂𝐷
−𝐾2 =

75.9

81
0.5(1 + 0.2 ⋅ 0.52)−3 = 0.4045 

𝑀𝑧2,𝑂𝐷 = 0.5     𝑀𝑧2,𝑂𝐷𝜓𝑧2,𝑂𝐷
−𝐾2 = 0.5(1 + 0.2 ⋅ 0.52)−3 = 0.432   𝑒 = 0.432 − 0.4045 = 0.0274 

𝑀𝑧2,𝑂𝐷 = 0.4     𝑀𝑧2,𝑂𝐷𝜓𝑧2,𝑂𝐷
−𝐾2 = 0.4(1 + 0.2 ⋅ 0.42)−3 = 0.364   𝑒 = 0.364 − 0.4045 = −0.0406 

𝑀𝑧2,𝑂𝐷 =
0.5 ⋅ (−0.0406) − 0.4 ⋅ 0.0274

(−0.0406) − 0.0274
= 0.460 

𝑀𝑧2,𝑂𝐷 = 0.458 

Compressore 

𝜋𝑐 = 𝜏𝑐

𝑒𝑐
𝑘 = 2.87

0.9
0.2857 = 27.6         𝑝𝑡3 = 𝑝𝑡2𝜋𝑐 = 29 ⋅ 27.6 = 799 ⋅ 𝑘𝑃𝑎  

𝑇𝑡3 = 𝑇𝑡2𝜏𝑐 = 268 ⋅ 2.87 = 770 ⋅ 𝐾 

Camera di Combustione 

𝑓 = 0.0322              𝜏𝑏 =
𝜏𝜆

𝜏𝑐𝜏𝑟
=

8.58

2.87 ⋅ 1.128
= 2.65 

𝑝𝑡4 = 𝑝𝑡3𝜋𝑏 = 799 ⋅ 0.95 = 759 ⋅ 𝑘𝑃𝑎   

Turbina 

𝜏𝑡 = 0.757             𝜋𝑡 = 𝜏𝑡

1
𝑘𝑡𝑒𝑡 = 0.757

1
0.248⋅0.85 = 0.268  

𝑝𝑡5 = 𝑝𝑡4π𝑡 = 759 ⋅ 0.268 = 203 ⋅ 𝑘𝑃𝑎            𝑇𝑡5 = 𝑇𝑡4𝜏𝑡 = 1773 ⋅ 0.757 = 1343 ⋅ 𝐾      

Ugello  

𝑝𝑡9 = 𝑝𝑡5π𝑛 = 203 ⋅ 0.90 = 182.8 ⋅ 𝑘𝑃𝑎            𝑇𝑡9 = 𝑇𝑡5 = 1343 ⋅ 𝐾 

𝑝𝑡9

𝑝9
= 𝜋𝑛𝜋𝑡𝜋𝑏𝜋𝑐𝜋𝑑𝜋𝑟

𝑝0

𝑝9
=

𝑝𝑡9

𝑝0

𝑝0

𝑝9
=

182.8

20.0
⋅ 1 = 9.14            



𝑀9 = √
2

𝛾𝑡 − 1
[(

𝑝𝑡9

𝑝9
)

𝑘𝑡

− 1] = √
2

0.33
(9.140.248 − 1) = 2.11 

𝑇𝑡9

𝑇9
= 𝜓9 = 1 +

γ𝑡 − 1

2
𝑀9

2 = (
𝑝𝑡9

𝑝9
)

𝑘𝑡

= 9.140.248 = 1.732 

𝑇9 =
𝑇9

𝑇𝑡9
𝑇𝑡9 =

1343

1.732
= 775 ⋅ 𝐾          

𝑎9 = √γ𝑡𝑅9𝑇9 = √1.33 ⋅ 287 ⋅ 775 = 544 ⋅
𝑚

𝑠
 

𝑉9 = 𝑀9𝑎9 = 2.11 ⋅ 544 = 1145 ⋅
𝑚

𝑠
             𝑉9.𝑒 = 𝑉9 (1 +

1 −
𝑝0

𝑝9

𝛾9𝑀9
2 ) = 𝑉9        

𝑉9

𝑎0
=

1148

309
= 3.70 

Spinta e rendimenti 
(e) the exhaust velocity 𝑽𝟗 (in m/s) at cruise 
(f) the thermal efficiency 𝜼𝒕𝐡 at cruise 
(g) the propulsive efficiency 𝜼𝒑 at cruise 

(h) the thrust-specific fuel consumption at cruise 

𝐹𝑢

�̇�0𝑎0
= (1 + 𝑓)

𝑉9.e

𝑎0
− 𝑀0 = 1.032 ⋅ 3.70 − 0.8 = 3.02 

𝜂𝑡h =
Δ𝐾�̇�

𝒫𝑡
=

𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2]

2𝑓𝑄𝑅
=

𝐵

2𝑓𝑄𝑅
         

𝜂𝑝 =
𝐹𝑖𝑉0

𝛥𝐾�̇�
≈

2𝐹𝑢𝑉0/�̇�0

𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2]
=

2𝐹𝑢𝑉0/�̇�0

𝐵
 

𝐵 = 𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)2 − 𝑀0

2] = 1.032 ⋅ 11482 − 2472 = 1.292 ⋅ 106 ⋅
𝑚2

𝑠2
 

𝜂𝑡h =
𝐵

2𝑓𝑄𝑅
=

1.292 ⋅ 106

2 ⋅ 0.0322 ⋅ 42.600 ⋅ 106
= 0.47  

𝜂𝑝 =
2𝑎0𝑉0

𝐹𝑢

�̇�0𝑎0

𝐵
=

2 ⋅ 309 ⋅ 247 ⋅ 3.02

1.292 ⋅ 106
= 0.36         𝜂𝑜 = 𝜂𝑝𝜂𝑡h = 0.47 ⋅ 0.36 = 0.17 

𝑇𝑆𝐹𝐶 =
�̇�𝑓

𝐹𝑢
=

𝑓

𝐹𝑢/�̇�0
=

𝑓

𝑎0
𝐹𝑢

�̇�0𝑎0

=
0.0322

309 ⋅ 3.02
= 3.44 ⋅ 10−5 ⋅

𝑘𝑔

𝑁𝑠
= 0.0344 ⋅

𝑘𝑔

𝑘𝑁𝑠
 



 
 



Fa 11.19 

A high bypass ratio separate-flow turbofan engine with convergent nozzles has the 
following design point parameters (at takeoff, standard sea-level conditions): 

𝑀0 = 0, 𝑝0 = 101.33 𝑘𝑃𝑎, 𝑇0 = 288 𝐾, 𝛾𝑐 = 1.4, 𝑐𝑝𝑐 = 1004𝐽/𝑘𝑔𝐾, 

𝜋𝑑 = 0.98, �̇�𝑐2 = 600𝑘𝑔 𝑠⁄ , 𝑀𝑧2 = 0.5, 𝜋𝑓 = 1.8, 𝑒𝑓 = 0.90, 𝛼 = 5.0, 𝜋𝑐𝐻 = 14, 𝑒𝑐𝐻 = 0.90, 

𝑇𝑡4 = 1873𝐾, 𝑄𝑅 = 42.8𝑀𝐽 𝑘𝑔𝐾⁄ , 𝜋𝑏 = 0.95, 𝜂𝑏 = 0.99,  

𝑒𝑡𝐻 = 0.85, 𝜂𝑚𝐻 = 0.995, 𝑒𝑡𝐿 = 0.89, 𝜂𝑚𝐿 =  0.995, 𝛾𝑡 =  1.33, 𝑐𝑝𝑡 =  1464𝑘𝐽 𝑘𝑔𝐾⁄  

𝜋𝑛 = 0.98, 𝜋𝑛𝑓 = 0.98, 𝑝8 =  𝑝18 =  𝑝0, 𝑀8 =  𝑀18 =  1 

The off-design point is the cruise condition described by: 

𝑀0 = 0.84, 𝑝0 =  20 𝑘𝑃𝑎, 𝑇0 =  253 𝐾, 𝑇𝑡4 = 1573𝐾 

Calculate 𝐶1, 𝐶2 and 𝐶3 parameters at the design point. Then use Equation 11.67 to solve, 
i.e., to iterate for, 𝜏𝑐𝐻𝑂𝐷

. Then, calculate 𝜏𝑓𝑂𝐷
 and 𝛼𝑂𝐷. Use polytropic efficiencies to get 𝜋𝑓 

and 𝜋𝑐𝐻 at off-design. 



 

 

𝑘 =
𝛾 − 1

𝛾
=

1.4 − 1

1.4
= 0.2857          𝑘𝑡 =

𝛾𝑡 − 1

𝛾𝑡
=

1.33 − 1

1.33
= 0.248         

𝑅 = 𝑘𝑐𝑝 = 1004 ⋅ 0.2857 = 287 ⋅
𝐽

𝑘𝑔 ⋅ 𝐾
         𝑅𝑡 = 𝑘𝑡𝑐𝑝𝑡 = 1146 ⋅ 0.248

𝐽

𝑘𝑔 ⋅ 𝐾
 = 284 ⋅

𝐽

𝑘𝑔 ⋅ 𝐾
 

Effetto Ram 

𝑎0 = √𝛾𝑅𝑇0 = √1.4 ⋅ 287 ⋅ 288 = 340 ⋅
𝑚

𝑠
           

𝑉0 = 𝑀0𝑎0 = 0 ⋅ 340 = 0 
𝑚

𝑠
              𝜏𝑟 = 𝜓0 = 1 +

γ − 1

2
𝑀0

2 = 1 



𝑇𝑡0 = 𝑇0𝜏𝑟 = 288 ⋅ 1 = 288 ⋅ 𝐾        𝑝𝑡0 = 𝑝0𝜏𝑟

1
𝑘 = 1.013 ⋅ 105 ⋅ 1

1
0.2857 = 101.3 ⋅ 𝑘𝑃𝑎 

Diffusore 

𝑝𝑡2 = 𝑝𝑡0𝜋𝑑 = 101.3 ⋅ 0.98 = 99.3 ⋅ 𝑘𝑃𝑎   

Fan  

𝜏𝑓 = 𝜋
𝑓

𝑘
𝑒𝑓 = 1.8

0.2857
0.90 = 1.205        𝑝𝑡13 = 𝑝𝑡2𝜋𝑓 = 99.3 ⋅ 1.80 = 179 ⋅ 𝑘𝑃𝑎            

𝑇𝑡13 = 𝑇𝑡2𝜏𝑓 = 288 ⋅ 1.205 = 347 ⋅ 𝐾 

Compressore (HP) 

𝜏𝑐𝐻 = 𝜋𝑐𝐻

𝑘
𝑒𝑐𝐻 = 14.0

0.2857
0.90 = 2.31  

𝜋𝑐 = 𝜋𝑓𝜋𝑐𝐻 = 1.8 ⋅ 14.0 = 25.2        𝜏𝑐 = 𝜏𝑓𝜏𝑐𝐻 = 1.205 ⋅ 2.31 = 2.79 

𝑝𝑡3 = 𝑝𝑡2𝜋𝑐 = 179 ⋅ 25.2 = 2502 ⋅ 𝑘𝑃𝑎 
𝑇𝑡3 = 𝑇𝑡2𝜏𝑐 = 288 ⋅ 2.79 = 802 ⋅ 𝐾 

Camera di Combustione 

𝜏𝜆 =
𝑐𝑝𝑡𝑇𝑡4

𝑐𝑝𝑇0
=

1146 ⋅ 1873

1004 ⋅ 288
= 7.42              

𝑓 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅𝜂𝑏/(𝑐𝑝𝑇0) − 𝜏𝜆

=
7.42 − 2.79 ⋅ 1

42.8 ⋅ 106 ⋅ 0.99
1004 ⋅ 288  − 7.42

= 0.0333 

𝜏𝑏 =
𝜏𝜆

𝜏𝑐𝜏𝑟
=

7.42

2.79 ⋅ 1
= 2.67 

𝑝𝑡4 = 𝑝𝑡3π𝑏 = 2502 ⋅ 0.95 = 2377 ⋅ 𝑘𝑃𝑎   

Turbina 

𝜏𝑡𝐻 = 1 −
𝜏𝑓(𝜏𝑐𝐻 − 1)

𝜂𝑚𝐻(1 + 𝑓)
𝜏𝜆

𝜏𝑟

= 1 −
1.205 ⋅ 1.31

0.995 ⋅ 1.033
7.42

1

= 0.793 

𝜏𝑡𝐿 = 1 −
(1 + 𝛼)(𝜏𝑓 − 1)

𝜂𝑚𝐿(1 + 𝑓)
𝜏𝑡𝐻𝜏𝜆

𝜏𝑟

1 −
6 ⋅ 0.205

0.995 ⋅ 1.033
0.793 ⋅ 7.42

1

= 0.797 

𝜋𝑡𝐻 = 𝜏𝑡𝐻

1
𝑘𝑡𝑒𝑡𝐻 = 0.793

1
0.248⋅0.85 = 0.333     𝜋𝑡𝐿 = 𝜏𝑡𝐿

1
𝑘𝑡𝑒𝑡𝐿 = 0.797

1
0.248⋅0.89 = 0.357  

𝜏𝑡 = 𝜏𝑡𝐻𝜏𝑡𝐿 = 0.797 ⋅ 0.793 = 0.632         𝜋𝑡 = 𝜋𝑡𝐻𝜋𝑡𝐿 = 0.333 ⋅ 0.357 = 0.1190 

𝑝𝑡5 = 𝑝𝑡4π𝑡 = 2377 ⋅ 0.1190 = 283 ⋅ 𝑘𝑃𝑎           𝑇𝑡5 = 𝑇𝑡4𝜏𝑡 = 1873 ⋅ 0.632 = 1183 ⋅ 𝐾   

Ugello  

𝑝𝑡9 = 𝑝𝑡5𝜋𝑛 = 283 ⋅ 0.98 = 277 ⋅ k𝑃𝑎            𝑇𝑡9 = 𝑇𝑡5 = 1183 ⋅ 𝐾 

𝑝𝑡9

𝑝9
= 𝜋𝑛𝜋𝑡𝜋𝑏𝜋𝑐𝜋𝑑𝜋𝑟

𝑝0

𝑝9
=

𝑝𝑡9

𝑝0

𝑝0

𝑝9
=

277

101.3
⋅ 1 = 2.74       



𝑀9 = √
2

𝛾𝑡 − 1
[(

𝑝𝑡9

𝑝9
)

𝑘𝑡

− 1] = √
2

0.33
(2.740.248 − 1) = 1.311   

Supersonico, si dovrebbe correggere la spinta  

𝑇𝑡9

𝑇9
= 𝜓9 = 1 +

γ𝑡 − 1

2
𝑀9

2 = (
𝑝𝑡9

𝑝9
)

𝑘𝑡

= 2.740.248 = 1.284            𝑇9 =
𝑇9

𝑇𝑡9
𝑇𝑡9 =

1183

1.284
= 922 ⋅ 𝐾 

𝑎9 = √γ𝑡𝑅9𝑇9 = √1.33 ⋅ 284 ⋅ 922 = 591 ⋅
𝑚

𝑠
          𝑉9 = 𝑀9𝑎9 = 1.311 ⋅ 591 = 774 ⋅

𝑚

𝑠
 

𝑉9.𝑒 = 𝑉9 (1 +
1 −

𝑝0

𝑝9

𝛾9𝑀9
2 ) = 𝑉9        

𝑉9

𝑎0
=

774

340
= 2.28 

Ugello Fan 

𝑝𝑡19 = 𝑝𝑡13π𝑛𝑓 = 179 ⋅ 0.98 = 175.2 ⋅ 𝑘𝑃𝑎            𝑇𝑡19 = 𝑇𝑡13 = 347 ⋅ 𝐾 

𝑝𝑡19

𝑝19
=

𝑝𝑡19

𝑝0

𝑝0

𝑝19
=

175.2

101.3
⋅ 1 = 1.729  

𝑀19 = √
2

𝛾 − 1
[(

𝑝𝑡19

𝑝19
)

𝑘

− 1] = √
2

0.40
(1.7290.2856 − 1) = 0.920 

𝑇𝑡19

𝑇19
= 𝜓19 = 1 +

γ − 1

2
𝑀19

2 = (
𝑝𝑡19

𝑝19
)

𝑘

= 1.7290.2856 = 1.169             

𝑇19 =
𝑇19

𝑇𝑡19
𝑇𝑡19 =

347

1.169
= 297 ⋅ 𝐾         𝑎19 = √γ𝑅𝑇19 = √1.40 ⋅ 287 ⋅ 297 = 345

𝑚

𝑠
           

𝑉19 = 𝑀19𝑎19 = 0.920 ⋅ 345 = 318 ⋅
𝑚

𝑠
    𝑉19.𝑒 = 𝑉19 (1 +

1 −
𝑝0

𝑝19

𝛾𝑀19
2 ) = 𝑉19     

𝑉19

𝑎0
=

318

340
= 0.934 

Spinta e rendimenti 

𝐹𝑢.𝑐𝑜𝑟𝑒

�̇�𝑎𝑖𝑟𝑎0
=

(1 + 𝑓)

1 + 𝛼

𝑉9.𝑒

𝑎0
−

𝑀0

1 + 𝛼
=

1.033

6.0
2.28 − 0 = 0.392          

𝐹𝑢.𝐹𝑎𝑛

�̇�𝑎𝑖𝑟𝑎0
=

𝛼

1 + 𝛼

𝑉19.𝑒

𝑎0
−

𝛼𝑀0

1 + 𝛼
=

5.0

6.0
0.934 − 0 = 0.778 

𝐹𝑢

�̇�𝑎𝑖𝑟𝑎0
=

𝐹𝑢.𝑐𝑜𝑟𝑒

�̇�𝑎𝑖𝑟𝑎0
+

𝐹𝑢.𝐹𝑎𝑛

�̇�𝑎𝑖𝑟𝑎0
= 0.392 + 0.778 = 1.170 

𝐹𝑢.𝑐𝑜𝑟𝑒

𝐹𝑢
=

0.392

1.170
= 33.5%          

𝐹𝑢.𝐹𝑎𝑛

𝐹𝑢
=

0.778

1.170
= 66.5% 

𝑇𝑆𝐹𝐶 =
𝑓

𝐹𝑢/�̇�0
=

𝑓

(1 + 𝑓)𝑉9.e + 𝛼𝑉19.e − 𝑉0
=

0.0333

1.033 ⋅ 774 + 5.0 ⋅ 318 − 0
= 14.0 ⋅ 10−6 

𝑁 = (1 + 𝑓)𝑉9.𝑒
2 + 𝛼𝑉19.𝑒

2 − (1 + 𝛼)𝑉0
2 = 1.033 ⋅ 7742 + 5.0 ⋅ 3182 = 1.124 ⋅ 106 

𝜂𝑡h =
Δ𝐾�̇�

𝒫𝑡
=

(1 + 𝑓)𝑉9.𝑒
2 + 𝛼𝑉19.𝑒

2 − (1 + 𝛼)𝑉0
2

2𝑓𝑄𝑅
=

𝑁

2𝑓𝑄𝑅
=

1.124 ⋅ 106

2 ⋅ 0.0333 ⋅ 42.8 ⋅ 106
= 39.4% 



𝜂𝑝 =
2𝑉0{[(1 + 𝑓)𝑉9.𝑒] + 𝛼𝑉19.𝑒 − (1 + 𝛼)𝑉0}

(1 + 𝑓)𝑉9.𝑒
2 + 𝛼𝑉19.𝑒

2 − (1 + 𝛼)𝑉0
2 =

2𝑉0[(1 + 𝑓)𝑉9 + 𝛼𝑉19 − (1 + 𝛼)𝑉0]

𝑁
= 0 

Parametri corretti 

𝛿𝑖 =
𝑝𝑡𝑖

𝑝𝑟𝑒𝑓
     𝜃𝑖 =

𝑇𝑡𝑖

𝑇𝑟𝑒𝑓
      Θ =

𝑇𝑡4

𝑇𝑡2
        �̇�𝑐𝑖 =

𝑚𝑖̇ √𝜃𝑖

𝛿𝑖
           𝑁𝑐2 = 𝑁2/√𝜃2           𝑁𝑐4 = 𝑁4/√𝜃4 

𝛿2 =
𝑝𝑡2

𝑝𝑟𝑒𝑓
=

99.3

101.3
= 0.980         𝜃2 =

𝑇𝑡2

𝑇𝑟𝑒𝑓
=

288

288
= 1       Θ =

𝑇𝑡4

𝑇𝑡2
=

1873

288
= 6.50 

Off design 

Le condizione di fuori progetto sono: 

𝑀0 = 0.84,  𝑝0 =  20 𝑘𝑃𝑎,  𝑇0 =  253 𝐾,  𝑇𝑡4 = 1573𝐾 

Effetto Ram 

𝑎0 = √𝛾𝑅𝑇0 = √1.4 ⋅ 287 ⋅ 253 = 319 ⋅
𝑚

𝑠
          𝑉0 = 𝑀0𝑎0 = 0.84 ⋅ 319 = 268 

𝑚

𝑠
               

𝜏𝑟 = 𝜓0 = 1 +
γ − 1

2
𝑀0

2 = 1 + 0.2 ⋅ 0.842 = 1.141 

𝑇𝑡0 = 𝑇0𝜏𝑟 = 253 ⋅ 1.141 = 289 ⋅ 𝐾         𝑝𝑡0 = 𝑝0𝜏𝑟

1
𝑘 = 20 ⋅ 1.141

1
0.2857 = 31.7 ⋅ 𝑘𝑃𝑎 

𝜏𝜆 =
𝑐𝑝𝑡𝑇𝑡4

𝑐𝑝𝑇0
=

1146 ⋅ 1573

1004 ⋅ 253
= 7.10              

Off design 

Si parte con 

𝐶1 =
𝜏𝑟𝜏𝑓

𝜏𝜆

(𝜏𝑐𝐻 − 1) =
1 ⋅ 1.205

7.43
1.31 = 0.213 

𝐶2 =
𝜏𝑟

𝜏𝜆

(1 + 𝛼)(𝜏𝑓 − 1) =
1

7.43
6 ⋅ 0.205 = 0.1658 

𝐶3 = 𝛼𝜋𝑐𝐻√
𝜏𝑟𝜏𝑓

𝜏𝜆
= 5 ⋅ 14√

1 ⋅ 1.205

7.43
= 28.2 

(1 +
 𝐶3

𝜏𝑐𝐻

𝑒𝑐𝐻
𝑘

√
𝜏𝑐𝐻 − 1

𝐶1
) (

𝐶1

(𝜏𝑐𝐻 − 1)
−

𝜏𝑟

𝜏𝜆
) = 𝐶2 

(1 +
 𝐶3

𝜏𝑐𝐻

𝑒𝑐𝐻
𝑘

√
𝜏𝑐𝐻 − 1

𝐶1
) (

𝐶1

(𝜏𝑐𝐻 − 1)
−

𝜏𝑟

𝜏𝜆
) = 𝐶2 

(1 +
28.2

𝜏𝑐𝐻

0.9
0.286

√
𝜏𝑐𝐻 − 1

0.213
) (

0.213

(𝜏𝑐𝐻 − 1)
−

1.141

7.10
) = 0.1658 



(1 +
61.1

𝜏𝑐𝐻
3.15 √𝜏𝑐𝐻 − 1) (

0.213

(𝜏𝑐𝐻 − 1)
− 0.1607) = 0.1658 

Si itera  

𝜏𝑐𝐻 = 2.31 →      𝑒 = (1 +
61.1

2.313.15
√1.31) (

0.213

1.31
− 0.1607) − 0.1658 =  −0.1544 

𝜏𝑐𝐻 = 2.20 →      𝑒 = (1 +
61.1

2.203.15
√1.20) (

0.213

1.20
− 0.1607) − 0.1658 =  −0.0552 

𝜏𝑐𝐻 =
2.20 ⋅ (−.1544) − 2.31(−.0552)

−.1544 + .0552
= 2.14 

𝜏𝑐𝐻 = 2.14 →      𝑒 = (1 +
61.1

2.143.15
√1.14) (

0.213

1.14
− 0.1607) − 0.1658 =  0.0156 

𝜏𝑐𝐻 =
2.20 ⋅ .0156 − 2.14(−.0552)

. 0156 + .0552
= 2.15 

𝜋𝑐𝐻 = 𝜏𝑐𝐻

𝑒𝑐𝐻
𝑘 = 2.153.15 = 11.17 

𝐶1 =
𝜏𝑟𝜏𝑓

𝜏𝜆

(𝜏𝑐𝐻 − 1)  →     𝜏𝑓 =
𝐶1

𝜏𝑟

𝜏𝜆
(𝜏𝑐𝐻 − 1)

=
0.213

. 1607 ⋅ 1.15
= 1.150 

𝜋𝑓 = 𝜏
𝑓

𝑒𝑓
𝑘 = 1.1503.15 = 1.553 

𝐶3 = 𝛼𝜋𝑐𝐻√
𝜏𝑟𝜏𝑓

𝜏𝜆
  →      𝛼 =

𝐶3

𝜋𝑐𝐻√
𝜏𝑟𝜏𝑓

𝜏𝜆

=
28.2

11.17√. 1607 ⋅ 1.553
= 5.87 



 


