
Conversioni 

1𝑠𝑙𝑢𝑔 =
1𝑙𝑏𝑓

𝑓𝑡/𝑠2
=

1𝑙𝑏𝑚 ∙ 𝑔

𝑓𝑡/𝑠2
= 32.17𝑙𝑏𝑚 = 14.593𝑘𝑔 

𝑔 = 9.807
𝑚

𝑠2
= 9.807

1
0.3048𝑓𝑡

𝑠2
= 32.175

𝑓𝑡

𝑠2
 

[𝜌𝑔] =
𝑙𝑏𝑓

𝑓𝑡3
=

𝑔 ∙ 0.45359𝑘𝑔

(. 3048)3𝑚3
= 𝑔 ∙ 16.02

𝑘𝑔

𝑚3
 

1𝑝𝑠𝑖 = 1
𝑙𝑏𝑓

𝑖𝑛2
= 1

𝑙𝑏𝑚 ∙ 𝑔

𝑓𝑡2/122
= 4632

𝑙𝑏𝑚

𝑓𝑡 ∙ 𝑠2
= 4632

. 45359𝑘𝑔

. 3048𝑚 ∙ 𝑠2
= 6895 = 𝑁 

1𝐵𝑇𝑈 = 1𝐶𝑎𝑙 
𝑙𝑏𝑚 ∙ 𝑅

𝑘𝑔 ∙ 𝐾
= 1𝑘𝐶𝑎𝑙 

. 45359

1.8
= 4186.8 ∙

. 45359

1.8
𝐽 = 1055.1𝐽 

1ℎ𝑝 = 550𝑓𝑡 ∙
𝑙𝑏𝑓

𝑠
= 550 ∙ 0.3048𝑚 ∙ 0.45359 ∙

𝑘𝑔

𝑠
∙ 𝑔 = 745.6𝑊 

𝑥𝐹 = (𝑥 + 459.67)𝑅 = (𝑥 + 459.67)/1.8𝐾 = (𝑥/1.8 + 255.37)𝐾 

x𝐹 = (𝑥 − 32)/1.8𝐶 = [(𝑥 − 32)/1.8 + 273.15]𝐾 

Le unità di misura del consumo specifico (TSFC Thrust Specific Fuel Consumption) sono 

normalmente: 

[𝑇𝑆𝐹𝐶 =
�̇�𝑓

𝐹
] =

𝑙𝑏𝑚

ℎ𝑟 ∙ 𝑙𝑏𝑓
=

𝑙𝑏𝑚

3600𝑠 ∙ 1𝑙𝑏𝑚 ∙ 32.17𝑓𝑡/𝑠2
=

1

115830

𝑠

𝑓𝑡
=

1

115830

𝑠

0.3048𝑚

=
1

34305

𝑠

𝑚
=

1

34305

106𝑚𝑔

𝑠 ∙ 𝑘𝑔 ∙ 𝑚/𝑠2
= 28.325

𝑚𝑔

𝑠 ∙ 𝑁
 

[𝑇𝑆𝐹𝐶 =
�̇�𝑓

𝐹
] =

𝑚𝑔

𝑠 ∙ 𝑁
=

𝑔

𝑠 ∙ 𝑘𝑁
=

103𝑚𝑔

𝑠 ∙ 𝑘𝑁
=

10−6𝑘𝑔

𝑠 ∙ 𝑁
 

Le unità di misura del calorifico del combustibile (fuel heating value) sono: 

[𝑄𝑅] =  
𝐵𝑇𝑈

𝑙𝑏𝑚
=

1055.1𝐽

𝑙𝑏𝑚
=

1055.1𝑘𝑔 ∙ 𝑚2

𝑙𝑏𝑚 ∙ 𝑠2
=

1055.1
0.30482 𝑓𝑡2

. 45359 ∙ 𝑠2
= 25038

𝑓𝑡2

𝑠2
= 25038

(0.3048𝑚)2

𝑠2

= 2326.1
𝑚2

𝑠2
= 2326.1

𝐽

𝑘𝑔
= 2.3261

𝑘𝐽

𝑘𝑔
 

  



Formule PA2 

 

𝑓 =
𝑚𝑓̇

𝑚0̇
 

Uninstalled thrust 𝐹𝑢 = �̇�9𝑉9 − �̇�0𝑉0 + (𝑝9 − 𝑝0)𝐴9 

Turbo Fan 𝐹𝑢 = �̇�9𝑉9 + �̇�19𝑉19 − �̇�0𝑉0 + (𝑝9 − 𝑝0)𝐴9 + (𝑝19 − 𝑝0)𝐴19 

Gross thrust: 𝐹𝑔 = �̇�9𝑉9 + (𝑝9 − 𝑝0)𝐴9   

Internal thrust: 𝐹𝑒 = 𝐼9 − 𝐼1 = �̇�9𝑉9 + (𝑝9 − 𝑝0)𝐴9 − (�̇�1𝑉1 + (𝑝1 − 𝑝0)𝐴1)  

Installed thrust: 𝐹𝑖 = �̇�9𝑉9 − �̇�0𝑉0 + (𝑝9 − 𝑝0)𝐴9 − ∫ 𝜏𝑤𝑑𝐴𝑥
9

1
− ∫ (𝑝 − 𝑝0)𝑑𝐴𝑥

9

0
  

Additive drag 𝐷𝑎𝑑𝑑 = �̇�1𝑉1 + (𝑝1 − 𝑝0)𝐴1 − �̇�0𝑉0 = ∫ (𝑝 − 𝑝0)𝑑𝐴𝑥
1

0
 

Efective exhaust velocity: 𝑐 =
𝐹𝑟

�̇�𝑝
= 𝑉9 +

(𝑝9−𝑝0)𝐴9

ṁ𝑝
 

Specfic thrust: 
𝐹

�̇�0
[
𝑁𝑠

𝑘𝑔
] o 

𝐹

�̇�0𝑎0
 

TSFC: 
�̇�𝑓

𝐹
[

𝑘𝑔

𝑘𝑁𝑠
]          →           

�̇�𝑓𝑎0

𝐹
 or for rockets  

�̇�𝑝

𝐹
=

�̇�𝑓+�̇�𝑜𝑥

𝐹
         →          

�̇�𝑝𝑎0

𝐹
 

Specific impulse: 𝐼𝑠 =
𝐹

𝑔0�̇�𝑓
=

1

𝑔0𝑇𝑆𝐹𝐶
[𝑠] or for rockets 𝐼𝑠 =

𝐹

𝑔0�̇�𝑝
=

1

𝑔0𝑇𝑆𝐹𝐶
[𝑠] 

Thermal efficiency: 𝜂𝑡ℎ =
Δ𝐾�̇�

𝒫𝑡
=

(1+𝑓)𝑉9
2−𝑉0

2

2𝑓𝑄𝑅
 or for turbofan 𝜂𝑡ℎ =

�̇�9𝑉9
2

2
+

�̇�19𝑉19
2

2
−

�̇�0𝑉0
2

2

�̇�𝑓𝑄𝑅
 or for 

turboprop 𝜂𝑡ℎ =
Δ𝐾�̇�+𝒫𝑠

�̇�𝑓𝑄𝑅
 

Propulsive efficiency: 𝜂𝑝 =
𝐹𝑖𝑉0

Δ𝐾�̇�
≅

2

1+
𝑉9
𝑉0

  or for turboprop 𝜂𝑝 =
𝐹𝑖𝑉0

Δ𝐾�̇�+𝒫𝑠
≅

𝐹𝑖𝑉0

𝒫𝑠
 or for rockets 𝜂𝑝 =

𝐹𝑉

𝐹𝑉+�̇�𝑝(𝑐−𝑉)2/2
=

2
𝑉

𝑐

1+(
𝑉

𝑐
)
2 

Overall efficiency: 𝜂0 = 𝜂𝑝𝜂𝑡ℎ =
𝐹𝑖𝑉

�̇�𝑓𝑄𝑅
 or for rockets 𝜂0 =

𝐹𝑖𝑉

�̇�𝑝𝑄𝑅+�̇�𝑝(𝑣𝑖𝑛𝑗
2 )/2 

≅
𝑐𝑉

𝑄𝑅
 



Formule PA3-4  

𝑘 =
𝛾 − 1

𝛾
         𝜓 = 1 +

𝛾 − 1

2
𝑀2 =

𝑇𝑡

𝑇
=

ℎ𝑡

ℎ
         𝜃 =

ℎ𝑡

ℎ0
         𝜏𝜆 = 𝜃𝑡 = 𝜃4 =

ℎ𝑡4

ℎ0
= 𝑐𝑝𝑡

𝑇𝑡4

𝑐𝑝𝑇0
 

𝜏𝑟 =
ℎ𝑡0

ℎ0
         𝜏𝑑 =

ℎ𝑡2

ℎ𝑡0
         𝜏𝑐 =

ℎ𝑡3

ℎ𝑡2
         𝜏𝑏 =

ℎ𝑡4

ℎ𝑡3
         𝜏𝑡 =

ℎ𝑡5

ℎ𝑡4
         𝜏𝑛 =

ℎ𝑡9

ℎ𝑡5
 

𝜋𝑟 =
𝑝𝑡0

𝑝0
         𝜋𝑑 =

𝑝𝑡2

𝑝𝑡0
         𝜋𝑐 =

𝑝𝑡3

𝑝𝑡2
         𝜋𝑏 =

𝑝𝑡4

𝑝𝑡3
         𝜋𝑡 =

𝑝𝑡5

𝑝𝑡4
         𝜋𝑛 =

𝑝𝑡9

𝑝𝑡5
  

 

𝜋𝑟 =
𝑝𝑡0

𝑝0
= (1 +

𝛾 − 1

2
𝑀0

2)
1/𝑘

= 𝜓𝑘 

𝜂𝑑 =
ℎ𝑡2𝑠 − ℎ0

ℎ𝑡2 − ℎ0
=

(
𝑝𝑡2𝑠

𝑝0
)
𝑘

− 1

𝜏𝑟 − 1
=

(
𝑝𝑡2

𝑝0
)
𝑘

− 1

𝛾 − 1
2

𝑀𝑜
2

         
𝑝𝑡2

𝑝0
= (1 + 𝜂𝑑

𝛾 − 1

2
𝑀0

2)
1/𝑘

 

𝜋𝑑 =
𝑝𝑡2

𝑝0

𝑝0

𝑝𝑡0
= (

1 + 𝜂𝑑
𝛾 − 1

2
𝑀0

2

1 +
𝛾 − 1

2
𝑀0

2
)

1/𝑘

=
(1 + 𝜂𝑑

𝛾 − 1
2

𝑀0
2)

1/𝑘

𝜋𝑟
 

𝜋𝑐 = (
𝑇𝑡3

𝑡𝑡2
)

𝑒𝑐
𝑘

= 𝜏𝑐

𝑒𝑐
𝑘          𝜏𝑐 = 𝜋𝑐

𝑘
𝑒𝑐          𝜂𝑐 =

ℎ𝑡3𝑠 − ℎ𝑡2

ℎ𝑡3 − ℎ𝑡2
=

𝜋𝑐
𝑘 − 1

𝜏𝑐 − 1
=

𝜋𝑐
𝑘 − 1

𝜋𝑐

𝑘
𝑒𝑐 − 1

 

𝜋𝑏 ≈ 1 − 𝜖
𝛾

2
𝑀𝑏

2         𝜖~2         �̇�4 = (1 + 𝑓)�̇�0          

ℎ𝑡3 + 𝑓𝑄𝑅𝜂𝑏 = (1 + 𝑓)ℎ𝑡4        →        𝑓 =
ℎ𝑡4 − ℎ𝑡3

𝑄𝑅𝜂𝑏 − ℎ𝑡4
       𝑓 =

𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅𝜂𝑏/ℎ0 − 𝜏𝜆
       𝜏𝑏 =

ℎ𝑡4

ℎ𝑡3
=

𝜏𝜆

𝜏𝑟𝜏𝑐
 

𝜋𝑡 = 𝜏𝑡

1
𝑘𝑡𝑒𝑡          𝜏𝑡 = 𝜋𝑡

𝑘𝑡𝑒𝑡          𝜂𝑡 =
ℎ𝑡4 − ℎ𝑡5

ℎ𝑡4 − ℎ𝑡5𝑠
=

1 − 𝜏𝑡

1 − 𝜋𝑡
𝑘𝑡

         𝜏𝑡 = 1 −
(𝜏𝑐 − 1)𝜏𝑟

𝜂𝑚(1 + 𝑓)𝜏𝜆
 

𝜂𝑛 =
(
𝑝𝑡7

𝑝9
)
𝑘9

− 𝜋𝑛
−𝑘9

(
𝑝𝑡7

𝑝9
)
𝑘9

− 1
=

(𝑁𝑃𝑅
𝑝0

𝑝9
)
𝑘9

− 𝜋𝑛
−𝑘9

(𝑁𝑃𝑅
𝑝0

𝑝9
)
𝑘9

− 1
 

  



Ciclo reale turbojet 

𝐹𝑢

�̇�0
= (1 + 𝑓)𝑉9 − 𝑉0 +

(𝑝9 − 𝑝0)𝐴9

�̇�0
= (1 + 𝑓)𝑉9 [1 +

1

𝛾9𝑀9
2 (1 −

𝑝0

𝑝9
)] − 𝑉0 

𝐹𝑢

�̇�0𝑎0
= (1 + 𝑓)

𝑉9

𝑎0
(1 +

1 −
𝑝0

𝑝9

𝛾9𝑀9
2 ) − 𝑀0 

𝑉9

𝑎0
=

𝑀9𝑎9

𝑎0
= 𝑀9√

𝛾9𝑅9𝑇9

𝛾𝑅𝑇0
         𝑀9

2 =
2

𝛾9 − 1
[(

𝑝𝑡9

𝑝9
)
𝑘9

− 1]         
𝑝𝑡9

𝑝9
= 𝜋𝑛𝜋𝑡𝜋𝑏𝜋𝑐𝜋𝑑𝜋𝑟

𝑝0

𝑝9
 

𝑇9

𝑇0
=

𝑇9

𝑇𝑡9

𝑇𝑡9

𝑇0
=

𝜃9

(
𝑝𝑡9

𝑝9
)
𝑘𝑡

         𝜃9 =
𝑇𝑡9

𝑇𝑡5
𝜏𝑡

𝑇𝑡4

𝑇𝑡0
= 𝜏𝑡𝜏𝜆

𝑐𝑝

𝑐𝑝𝑡
 

𝑓 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅𝜂𝑏/(𝑐𝑝𝑇0) − 𝜏𝜆
         𝜏𝑏 =

𝜏𝜆

𝜏𝑐𝜏𝑟
 

𝜏𝑡 = 1 −
(𝜏𝑐 − 1)𝜏𝑟

𝜂𝑚(1 + 𝑓)𝜏𝜆
         𝜋𝑡 = 𝜏𝑡

1
𝑘𝑡𝑒𝑡          𝜏𝑐 = 𝜋𝑐

𝑘
𝑒𝑐 

𝜏𝑟 = 𝜃0 =
𝑇𝑡0

𝑇0
= 𝜓0         𝜋𝑑 = (

1 + 𝜂𝑑
𝛾 − 1

2
𝑀0

2

1 +
𝛾 − 1

2
𝑀0

2
)

1/𝑘

 

𝜂𝑡 =
1 − 𝜏𝑡

1 − 𝜏𝜏

1
𝑒𝑡

         𝜂𝑐 =
𝜋𝑐

𝑘 − 1

𝜏𝑐 − 1
         𝑇𝑆𝐹𝐶 =

𝑓

𝐹𝑢/�̇�0
 

𝜂𝑡ℎ =
Δ𝐾�̇�

𝒫𝑡
=

(1 + 𝑓)𝑉9
2 − 𝑉0

2

2𝑓𝑄𝑅
=

𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)

2 − 𝑀0
2]

2𝑓𝑄𝑅
 

𝜂𝑝 =
𝐹𝑖𝑉0

Δ𝐾�̇�
≈

2𝐹𝑢𝑉0/�̇�0

𝑎0
2[(1 + 𝑓)(𝑉9/𝑎0)

2 − 𝑀0
2]

 

𝑉9.𝑒 = 𝑉9 [1 +
1 −

𝑝0

𝑝9

𝛾9𝑀9
2 ] 

  



Ciclo ideale turbojet 

𝛾9 = 𝛾         𝜏𝑡 = 𝜋𝑡
𝑘𝑡           𝜏𝑐 = 𝜋𝑐

𝑘         𝜋𝑑 = 𝜋𝑛 = 𝜋𝑏 = 1 

�̇�0 ≈ �̇�9          →          1 + 𝑓 → 1         𝑝9 = 𝑝0 

𝜂𝑡ℎ = 1 −
1

𝜏𝑐𝜏𝑟
= 1 −

1

𝜋𝑐
𝑘 (1 +

𝛾 − 1
2

𝑀0
2)

         𝜋𝑐.𝑚𝑎𝑥.𝐹 = (
√𝜏𝜆

1 +
𝛾 − 1

2
𝑀0

2
)

𝑘

 

𝜏𝑟 = 𝜓0 = 1 +
𝛾 − 1

2
𝑀0

2         𝜏𝑡 = 1 −
(𝜏𝑐 − 1)𝜏𝑟

𝜏𝜆
 

𝑀9
2 =

2

𝛾 − 1
[(𝜋𝑡𝜋𝑐𝜋𝑟)

𝑘 − 1] =
2

𝛾 − 1
(𝜏𝑡𝜏𝑐𝜏𝑟 − 1) 

𝑇9

𝑇0
=

𝜏𝜆

𝜏𝑐𝜏𝑟
= 𝜏𝑏 

𝐹𝑢

�̇�0𝑎0
=

𝑉9

𝑎0
− 𝑀0 = √

2

𝛾 − 1

𝜏𝜆

𝜏𝑐𝜏𝑟

(𝜏𝑡𝜏𝑐𝜏𝑟 − 1) − 𝑀0 = √
2

𝛾 − 1
𝜏𝑟(𝜏𝑏 − 1)(𝜏𝑐 − 1) + 𝜏𝑏𝑀0

2 − 𝑀0 

𝑓 =
𝑐𝑝𝑇0

𝑄𝑅

(𝜏𝜆 − 𝜏𝑐𝜏𝑟)         𝜏𝑏 =
𝜏𝜆

𝜏𝑐𝜏𝑟
 

𝑇𝑆𝐹𝐶 =
𝑓

𝐹𝑢/�̇�0
=

𝑐𝑝𝑇0

𝑎0𝑄𝑅
(𝜏𝜆 − 𝜏𝑐𝜏𝑟)

√
2

𝛾 − 1
𝜏𝑟(𝜏𝑏 − 1)(𝜏𝑐 − 1) + 𝜏𝑏𝑀0

2 − 𝑀0

 

  



Post bruciatore 

𝐹𝑢

�̇�0𝑎0
= (1 + 𝑓 + 𝑓𝐴𝐵)

𝑉9

𝑎0
(1 +

1 −
𝑝0

𝑝9

𝛾9𝑀9
2 ) − 𝑀0       𝑓𝐴𝐵 =

(1 + 𝑓)(𝜏𝜆.𝐴𝐵 − 𝜏𝜆𝜏𝑡)

𝑄𝑅.𝐴𝐵𝜂𝐴𝐵

𝑐𝑝𝑇0
− 𝜏𝜆.𝐴𝐵

 

𝑉9

𝑎0
=

𝑀9𝑎9

𝑎0
= 𝑀9√

𝛾9𝑅9𝑇9

𝛾𝑅𝑇0
         𝑀9

2 =
2

𝛾9 − 1
[(

𝑝𝑡9

𝑝9
)
𝑘9

− 1]          
𝑇9

𝑇0
=

𝑇9

𝑇𝑡9

𝑇𝑡9

𝑇0
=

𝜏𝜆.𝐴𝐵

(
𝑝𝑡9

𝑝9
)
𝑘9

 

𝑝𝑡9

𝑝9
= 𝜋𝑛𝜋𝐴𝐵𝜋𝑡𝜋𝑏𝜋𝑐𝜋𝑑𝜋𝑟

𝑝0

𝑝9
 

𝑇𝑆𝐹𝐶 =
𝑓 + 𝑓𝐴𝐵

𝐹𝑢/�̇�0
 

𝜂𝑡ℎ =
Δ𝐾�̇�

𝒫𝑡
=

(1 + 𝑓 + 𝑓𝐴𝐵)𝑉9
2 − 𝑉0

2

2(𝑓 + 𝑓𝐴𝐵)𝑄𝑅
=

𝑎0
2[(1 + 𝑓 + 𝑓𝐴𝐵)(𝑉9/𝑎0)

2 − 𝑀0
2]

2(𝑓 + 𝑓𝐴𝐵)𝑄𝑅
 

𝜂𝑝 =
𝐹𝑖𝑉0

Δ𝐾�̇�
≈

2𝐹𝑢𝑉0/�̇�0

𝑎0
2[(1 + 𝑓 + 𝑓𝐴𝐵)(𝑉9/𝑎0)

2 − 𝑀0
2]

 

Post bruciatore caso ideale 

𝜂𝐴𝐵 =      𝜏𝑡 = 𝜋𝑡
𝑘𝑡         𝜏𝑐 = 𝜋𝑐

𝑘        𝜋𝐴𝐵 = 1     �̇�0 ≈ �̇�9   → 1 + 𝑓 + 𝑓𝐴𝐵 → 1      𝑝9 = 𝑝0 

𝑓 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅
𝑐𝑝𝑇0

       𝑓𝐴𝐵 =
𝜏𝜆𝐴𝐵 − 𝜏𝜆𝜏𝑡

𝑄𝑅
𝑐𝑝𝑇0

        𝑓 + 𝑓𝐴𝐵 =
𝜏𝜆.𝐴𝐵 + 𝜏𝑟

𝑄𝑅/𝑐𝑝𝑇0
 

𝐹𝑢

�̇�0𝑎0
= (1 + 𝑓 + 𝑓𝐴𝐵)

𝑉9

𝑎0
(1 +

1 −
𝑝0

𝑝9

𝛾9𝑀9
2 ) − 𝑀0 =

𝑉9

𝑎0
− 𝑀0 

𝑉9

𝑎0
=

𝑀9𝑎9

𝑎0
= 𝑀9√

𝑇9

𝑇0
       

𝑝𝑡9

𝑝9
= 𝜋𝑡𝜋𝑐𝜋𝑟

𝑝0

𝑝9
= 𝜏𝑡

1
𝑘𝜏𝑐

1
𝑘𝜏𝑟

1
𝑘 

𝑀9
2 =

2

𝛾 − 1
[(

𝑝𝑡9

𝑝9
)
𝑘

− 1] =
2

𝛾 − 1
(𝜏𝑡𝜏𝑐𝜏𝑟 − 1) 

𝑇9

𝑇0
=

𝜏𝜆.𝐴𝐵

𝜏𝑡𝜏𝑐𝜏𝑟
= 𝜏𝐴𝐵𝜏𝑏          

𝐹𝑢

�̇�0𝑎0
= √

2

𝛾 − 1
𝜏𝐴𝐵𝜏𝑏(𝜏𝑡𝜏𝑐𝜏𝑟 − 1) − 𝑀0 = √

2

𝛾 − 1
(1 −

𝜏𝜆.𝐴𝐵

𝜏𝑡𝜏𝑐𝜏𝑟
) − 𝑀0 

𝜏𝑐𝑚𝑎𝑥
=

𝜏𝜆 + 𝜏𝑟

2𝜏𝑟
→ 𝜋𝑐𝑚𝑎𝑥

= (
𝜏𝜆 + 𝜏𝑟

2𝜏𝑟
)

1
𝑘
 

  



Turbofan a flussi separati 

 

𝜂𝑓 =
𝜋𝑓

𝑘 − 1

𝜏𝑓 − 1
=

𝜋𝑓
𝑘 − 1

𝜋
𝑓

𝑘
𝑒𝑓 − 1

        𝜏𝑓 = 𝜋
𝑓

𝛾−1
𝛾𝑒𝑓

 

𝜏𝑡 = 1 −
𝜏𝑟[(𝜏𝑐 − 1) + 𝛼(𝜏𝑓 − 1)]

𝜂𝑚(1 + 𝑓)𝜏𝜆
 

𝐹𝑢

�̇�𝑎𝑖𝑟𝑎0
=

(1 + 𝑓)

1 + 𝛼

𝑉9

𝑎0
(1 +

1 −
𝑝0

𝑝9

𝛾9𝑀9
2 ) +

𝛼

1 + 𝛼

𝑉19

𝑎0
(1 +

1 −
𝑝0

𝑝19

𝛾𝑀19
2 ) − 𝑀0 

�̇�𝑎𝑖𝑟 = (1 + 𝛼)�̇�0 

𝑉19

𝑎0
=

𝑀19𝑎19

𝑎0
= 𝑀19√

𝑇19

𝑇0
                𝑀19

2 =
2

𝛾 − 1
[(

𝑝𝑡19

𝑝19
)
𝑘

− 1] 

𝑝𝑡19

𝑝9
= 𝜋𝑓𝑛𝜋𝑓𝜋𝑑𝜋𝑟

𝑝0

𝑝9
         

𝑇19

𝑇0
=

𝑇19

𝑇𝑡19

𝑇𝑡19

𝑇0
=

𝜏𝑓𝜏𝑟

(
𝑝𝑡19

𝑝19
)
𝑘             𝜏𝑓 = 𝜋

𝑓

𝛾−1
𝛾𝑒𝑓

 

𝑇𝑆𝐹𝐶 =
𝑓

𝐹𝑢/�̇�0
=

𝑓

(1 + 𝑓)𝑉9 (1 +
1 −

𝑝0

𝑝9

𝛾9𝑀9
2 ) + 𝛼𝑉19 (1 +

1 −
𝑝0

𝑝19

𝛾𝑀19
2 ) − 𝑉0

 

𝜂𝑡ℎ =
Δ𝐾�̇�

𝒫𝑡
=

(1 + 𝑓)𝑉9.𝑒
2 + 𝛼𝑉19.𝑒

2 − (1 + 𝛼)𝑉0
2

2𝑓𝑄𝑅
=

(1 + 𝑓)𝑉9.𝑒
2 − 𝑉0

2

2𝑓𝑄𝑅
+ 𝛼

𝑉9.𝑒
2 − 𝑉0

2

2𝑓𝑄𝑅
 

𝑉9.𝑒 = 𝑉9 [1 +
1 −

𝑝0

𝑝9

𝛾9𝑀9
2 ]               𝑉19.𝑒 = 𝑉19 [1 +

1 −
𝑝0

𝑝19

𝛾𝑀19
2 ] 

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

(1 + 𝑓)𝑉9.𝑒
2 + 𝛼𝑉19.𝑒

2 − (1 + 𝛼)𝑉0
2 ≈

2𝑉0[𝑉9 + 𝛼𝑉19 − (1 + 𝛼)𝑉0]

𝑉9
2 + 𝛼𝑉19

2 − (1 + 𝛼)𝑉0
2  

  



Turbofan a flussi miscelati con post bruciatore 

 

𝜏𝑀 =
ℎ𝑡6

ℎ𝑡5
=

𝛼𝜏𝑓𝜏𝑟/𝜏𝑡𝜏𝜆 + (1 + 𝑓)

1 + 𝛼 + 𝑓
      𝜋𝑡 =

𝜋𝑓𝑑𝜋𝑓

𝜋𝑏𝜋𝑐
      𝛼 =

𝜂𝑚(1 + 𝑓)(1 − 𝜏𝑡)𝜏𝜆 − 𝜏𝑟(𝜏𝑐 − 1)

𝜏𝑟(𝜏𝑓 − 1)
 

𝑓𝐴𝐵 =
�̇�𝑓.𝐴𝐵

�̇�𝑎𝑖𝑟
=

�̇�𝑓.𝐴𝐵

�̇�0(1 + 𝛼)
= (1 +

𝑓

1 + 𝛼
)

𝜏𝜆𝐴𝐵 − 𝜏𝑀𝜏𝑡𝜏𝜆

𝑄𝑅.𝐴𝐵𝜂𝐴𝐵

𝑐𝑝𝑇0
− 𝜏𝜆.𝐴𝐵

           𝑓𝑡𝑜𝑡 =
�̇�𝑓.𝑡𝑜𝑡

�̇�𝑎𝑖𝑟
=

𝑓

1 + 𝛼
+ 𝑓𝐴𝐵 

𝐹𝑢

�̇�𝑎𝑖𝑟𝑎0
= (1 + 𝑓𝑡𝑜𝑡)

𝑉9.𝑒

𝑎0
− 𝑀0         

𝑉9.𝑒

𝑎0
=

𝑉9

𝑎0
(1 +

1 −
𝑝0

𝑝9

𝛾9𝑀9
2 ) 

𝑉9

𝑎0
=

𝑀9𝑎9

𝑎0
= 𝑀9√

𝛾9𝑅9𝑇9

𝛾𝑅𝑇0
        𝑀9

2 =
2

𝛾9 − 1
[(

𝑝𝑡9

𝑝9
)
𝑘9

− 1] 

𝑇𝑆𝐹𝐶 =
�̇�𝑓.𝑡𝑜𝑡

𝐹𝑢

𝑓𝑡𝑜𝑡

𝐹𝑢/�̇�𝑎𝑖𝑟
        𝜂𝑡ℎ =

Δ𝐾�̇�

𝒫𝑡
=

𝑎0
2[(1 + 𝑓𝑡𝑜𝑡)(𝑉9.𝑒/𝑎0)

2 − 𝑀0
2]

2𝑓𝑡𝑜𝑡𝑄𝑅
 

𝜂𝑝 =
𝐹𝑖𝑉0

Δ𝐾�̇�
≈

2𝐹𝑢𝑉0/�̇�𝑎𝑖𝑟

𝑎0
2[(1 + 𝑓𝑡𝑜𝑡)(𝑉9.𝑒/𝑎0)

2 − 𝑀0
2]

 

Post-bruciatore Spento 

𝑓 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅𝜂𝑏

𝑐𝑝𝑇0
− 𝜏𝜆

      𝑓𝑡𝑜𝑡 =
𝑓

1 + 𝛼
         

𝑇9

𝑇0
=

𝑇9

𝑇𝑡9

𝑇𝑡9

𝑇0
=

𝜏𝑡𝜏𝜆𝑐𝑝/𝑐𝑝𝑡

(𝑝𝑡9/𝑝9)
𝑘9

       
𝑝𝑡9

𝑝9
= 𝜋𝑛𝜋𝑀𝜋𝑡𝜋𝑏𝜋𝑐𝜋𝑑𝜋𝑟

𝑝0

𝑝9
 

Post-bruciatore acceso 

𝑓 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅𝜂𝑏

𝑐𝑝𝑇0
− 𝜏𝜆

          𝑓𝐴𝐵 = (1 +
𝑓

1 + 𝛼
)

𝜏𝜆𝐴𝐵 − 𝜏𝑀𝜏𝑡𝜏𝜆

𝑄𝑅.𝐴𝐵𝜂𝐴𝐵

𝑐𝑝𝑇0
− 𝜏𝜆.𝐴𝐵

       𝑓𝑡𝑜𝑡 =
𝑓

(1 + 𝛼)
+ 𝑓𝐴𝐵 

𝑇9

𝑇0
=

𝑇9

𝑇𝑡9

𝑇𝑡9

𝑇0
=

𝜏𝜆.𝐴𝐵𝑐𝑝/ 𝑐𝑝𝐴𝑏

(𝑝𝑡9/𝑝9)
𝑘9

       
𝑝𝑡9

𝑝9
= 𝜋𝑛𝜋𝐴𝐵𝜋𝑀𝜋𝑡𝜋𝑏𝜋𝑐𝜋𝑑𝜋𝑟

𝑝0

𝑝9
 

Turbofan a flussi miscelati con post bruciatore caso ideale 

𝜏𝑀 =
𝛼𝜏𝑐𝜏𝑟/𝜏𝜆 + 1

1 + 𝛼
        𝑀0.𝑙𝑖𝑚 = √

2

𝛾 − 1
(
𝜏𝑐 − 𝜏𝑓

𝜏𝑐 − 1

𝜏𝜆

𝜏𝑐
− 1)             𝛼 =

(1 − 𝜏𝑡)𝜏𝜆 − 𝜏𝑟(𝜏𝑐 − 1)

𝜏𝑟(𝜏𝑓 − 1)
 

𝑓 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅/(𝑐𝑝𝑇0)
              𝑓𝐴𝐵 =

𝜏𝜆𝐴𝐵

𝑄𝑅/(𝑐𝑝𝑇0)
−

𝜏𝑓𝜏𝑟(𝜏𝑐 − 1)

(𝜏𝑐 − 𝜏𝑓)𝑄𝑅/(𝑐𝑝𝑇0)
 



Post bruciatore spento                                         Post bruciatore acceso 

𝐹𝑢

�̇�𝑎𝑖𝑟𝑎0
= √2

𝜏𝜆

𝜏𝑐𝜏𝑟

𝜏𝑓𝜏𝑟 − 1

𝛾 − 1
− 𝑀0                    

𝐹𝑢

�̇�𝑎𝑖𝑟𝑎0
= √2

𝜏𝜆.𝐴𝐵

𝜏𝑓𝜏𝑟

𝜏𝑓𝜏𝑟 − 1

𝛾 − 1
− 𝑀0 

𝑓𝑡𝑜𝑡 =
𝜏𝜆 − 𝜏𝑐𝜏𝑟

𝑄𝑅/(𝑐𝑝𝑇0)
                                              𝑓𝑡𝑜𝑡 =

𝜏𝜆𝐴𝐵 + 𝜏𝑟

𝑄𝑅/(𝑐𝑝𝑇0)
 

𝑇𝑆𝐹𝐶 =
𝑓𝑡𝑜𝑡

𝐹𝑢/�̇�𝑎𝑖𝑟
      𝜂𝑡ℎ =

𝑎0
2[(𝑉9/𝑎0)

2 − 𝑀0
2]

2𝑓𝑡𝑜𝑡𝑄𝑅
     𝜂𝑝 =

2𝐹𝑢𝑉0/�̇�𝑎𝑖𝑟

𝑎0
2[(𝑉9/𝑎0)

2 − 𝑀0
2]

 

TurboProp 

 

𝛼𝑝 =
𝒫𝑖.𝐿𝑃𝑇

𝒫𝑖.𝑡𝑜𝑡
=

𝒫𝐿𝑃𝑇
𝜂𝑡𝐿

𝒫𝑖.𝑡𝑜𝑡
=

ℎ𝑡45 − ℎ𝑡5𝑠

ℎ𝑡45 − ℎ9𝑠
       𝜏𝑡𝐿 =

ℎ𝑡5

ℎ𝑡45
       𝜂𝑡𝐿 =

ℎ𝑡45 − ℎ𝑡5

ℎ𝑡45 − ℎ𝑡5𝑠
     𝜂𝑡𝐿𝛼𝑝 =

ℎ𝑡45 − ℎ𝑡5

ℎ𝑡45 − ℎ9𝑠
 

𝜏𝑡𝐿 = 1 − 𝜂𝑡𝐿𝛼𝑝 [1 − (
𝑝9𝑠

𝑝𝑡45
)
𝑘9

]     𝜂𝑡𝐿 =
1 − 𝜏𝑡𝐿

1 − 𝜋𝜏𝐿
𝑘9

=
1 − 𝜏𝑡𝐿

1 − 𝜏𝜏𝐿

1
𝑒𝑡𝐿

 

𝐹 = 𝐹𝑝 + 𝐹𝑐𝑜𝑟𝑒       
𝐹𝑐𝑜𝑟𝑒

�̇�0𝑎0
= (1 + 𝑓)

𝑉9

𝑎0
(1 +

1 −
𝑝0

𝑝9

𝛾9𝑀9
2 ) − 𝑀0      

𝐹𝑝

�̇�0𝑎0
=

𝜂𝑝𝑟𝑜𝑝𝒫𝑠

�̇�0𝑉0𝑎0
 

𝐹𝑝

�̇�0𝑎0
=

𝜂𝑝𝑟𝑜𝑝(1 + 𝑓)𝜂𝑔𝑏𝜂𝑚𝑡𝐿
𝜂𝑡𝐿(1 − 𝜏𝑡𝐿)𝜏𝑡𝐻𝜏𝜆𝑐𝑝𝑇0

𝑉0𝑎0
 

𝜂𝑡ℎ =
Δ𝐾�̇�

𝒫𝑡
=

(1 + 𝑓)𝑉9.𝑒
2 − 𝑉0

2 + 2𝒫𝑆/�̇�0

2𝑓𝑄𝑅
=

𝑎0
2[(1 + 𝑓)(𝑉9.𝑒/𝑎0)

2 − 𝑀0
2] + 2𝒫𝑆/�̇�0

2𝑓𝑄𝑅
 

𝜂𝑝 =
𝐹𝑖𝑉0

Δ𝐾�̇�
≈

2(𝐹𝑝 + 𝐹𝑐𝑜𝑟𝑒)𝑉0/�̇�0

𝑎0
2[(1 + 𝑓)(𝑉9.𝑒/𝑎0)

2 − 𝑀0
2] + 2𝒫𝑆/�̇�0

 

𝑇𝑆𝐹𝐶 =
𝑓

(𝐹𝑝 + 𝐹𝑐𝑜𝑟𝑒)/�̇�0

 

𝜏𝑡𝐿
∗ =

𝜏𝑏

𝜏𝑡H𝜏𝜆
+

𝛾 − 1
2

𝑀0
2

𝜏𝑡H𝜏𝜆𝜂𝑝𝑟𝑜𝑝
2

          αp
∗ = 1 −

(𝜏𝑟 − 1)/𝜂𝑝𝑟𝑜𝑝
2

𝜏𝑡𝐻𝜏𝜆 − 𝜏𝑏
 

  



Formule PA5  

�̇� =
𝑝𝑡𝐴Ψ

𝑎0
              𝛹(𝛾,𝑀) =

𝐴∗

𝐴
𝛹∗ = 𝛾𝑀 (1 +

𝛾 − 1

2
𝑀2)

−
(𝛾+1)
2(𝛾−1)

= 𝛾𝑀𝜓−𝐾 

𝐴0

𝐴1
=

𝑀1

𝑀0
(
𝜓0

𝜓1
)

𝛾+1
2(𝛾−1)

         𝜓(𝛾,𝑀) = 1 +
𝛾 − 1

2
𝑀2           𝐾(𝛾) =

(𝛾 + 1)

2(𝛾 − 1)
 

diffusori 

𝐶𝑃𝑅 =
𝑝2 − 𝑝1

�̅�1
=

Δ𝑝

1
2

𝜌1�̅�1
2
         𝐶𝑃𝑅𝑖𝑑𝑒𝑎𝑙

= 1 − (
𝐴1

𝐴2
)
2

= 1 −
1

𝐴𝑅2
 

𝐷𝑎𝑑𝑑 = ∫ (𝑝 − 𝑝0)𝑑𝐴

𝐴1

𝐴0

= �̇�0(𝑉1 − 𝑉0) + (𝑝1 − 𝑝𝑜)𝐴1 

𝐷𝑎𝑑𝑑

𝑝0𝐴1
= 𝛾𝑀0

𝐴0

𝐴1
(
𝑎1

𝑎0
𝑀1 − 𝑀0) +

𝑝1

𝑝𝑜
− 1 == 𝛾𝑀1 (

𝜓0

𝜓1
)
𝐾

(𝑀1√
𝜓0

𝜓1
− 𝑀0) + (

𝜓0

𝜓1
)

𝛾
𝛾−1

− 1 

 

Ugelli 

𝑁𝑃𝑅 =
𝑝𝑡7

𝑝0
      𝜂𝑛 =

ℎ𝑡7 − ℎ9

ℎ𝑡7 − ℎ9𝑠
=

𝑉9
2/2

𝑉9𝑠/2
=

1 − (
𝑝9

𝑝𝑡9
)
𝑘9

1 − (
𝑝9

𝑝𝑡7
)
𝑘9

=
(
𝑝𝑡7

𝑝9
)
𝑘9

− 𝜋𝑛
−𝑘9

(
𝑝𝑡7

𝑝9
)
𝑘9

− 1
=

(𝑁𝑃𝑅
𝑝0

𝑝9
)
𝑘9

− 𝜋𝑛
−𝑘9

(𝑁𝑃𝑅
𝑝0

𝑝9
)
𝑘9

− 1
 

𝑝𝑡9

𝑝9
= (1 +

𝛾 − 1

2
𝑀9

2)
𝑘9

= 𝜓9
𝑘9 

𝐹 = 𝐶𝐴�̇�9𝑉9 + (𝑝9 − 𝑝0)𝐴9      {
3𝐷 𝐶𝐴 =

1 + 𝑐𝑜𝑠 𝛼

2

2𝐷 𝐶𝐴 =
𝑠𝑖𝑛 𝛼

𝛼

 

𝐴8𝑃𝐵

𝐴8
=

1 + 𝑓 + 𝑓𝐴𝐵

1 + 𝑓
√

𝛾9

𝛾5

𝑝𝑡8

𝑝𝑡8𝐴𝐵

[
 
 
 
 (

𝛾9 + 1
2

)

𝛾9+1
2(𝛾9−1)

(
𝛾5 + 1

2
)

𝛾5+1
2(𝛾5−1)

]
 
 
 
 

 

  



Formule PA6 

Miscele 

𝑛𝐴 =
𝑚𝐴

𝑀𝑊𝐴
           𝑝𝑚 = 𝑝1 + 𝑝2 + ⋯+ 𝑝𝑛 = ∑𝑝𝑖

𝑛

𝑖=1

                𝐻𝑚 = 𝐻1 + 𝐻2 + ⋯+ 𝐻𝑛 = ∑𝐻𝑖

𝑛

𝑖=1

 

ℎ𝑚 =
𝑚1ℎ1 + 𝑚2ℎ2 + ⋯+ 𝑚𝑛ℎ𝑛

𝑚𝑚
= ∑𝑚𝑖

𝑛

𝑖=1

ℎ𝑖 ∑𝑚𝑖

𝑛

𝑖=1

⁄      𝑚𝑚 = 𝑛𝑚𝑀𝑊𝑚 = ∑𝑚𝑖

𝑛

𝑖=1

= ∑𝑛𝑖𝑀𝑊𝑖

𝑛

𝑖=1

 

𝑀𝑊𝑚 =
∑ 𝑛𝑖𝑀𝑊𝑖

𝑛
𝑖=1

𝑛𝑚
∑𝜒𝑖𝑀𝑊𝑖

𝑛

𝑖=1

         𝜒𝑖 =
𝑛𝑖

𝑛𝑚
=

𝑝𝑖

𝑝𝑚
=

𝑉𝑖

𝑉𝑚
 

𝑝𝑖𝑉𝑚 = 𝑛𝑖�̅�𝑇𝑚         𝑝𝑚𝑉𝑖 = 𝑛𝑖�̅�𝑇𝑚          𝑉𝑚 ∑𝑝𝑖

𝑛

𝑖=1

= 𝑉𝑚𝑝𝑚 = 𝑛𝑚�̅�𝑇𝑚 = �̅�𝑇𝑚 ∑𝑛𝑖

𝑛

𝑖=1

 

ℎ𝑖 = 𝑐𝑝𝑖
𝑇𝑚123456ℎ𝑚 = 𝑐𝑝𝑚

𝑇𝑚 

𝑐𝑝𝑚
=

∑𝑚𝑖 𝑐𝑝𝑖

𝑚𝑚
=

∑𝑛𝑖𝑀𝑊𝑖 𝑐𝑝𝑖

𝑛𝑚𝑀𝑊𝑚
=

∑𝜒𝑖𝑀𝑊𝑖 𝑐𝑝𝑖

𝑀𝑊𝑚
             𝛾𝑚 =

𝑐𝑝𝑚

𝑐𝑣𝑚

=
∑𝑚𝑖 𝑐𝑝𝑖

∑𝑚𝑖 𝑐𝑣𝑖

 

Reazioni chimiche 

𝐻 = 𝑚ℎ = 𝑚 ( ∫ 𝑐𝑝𝑑𝑇

𝑇

𝑇𝑓

+ Δℎ𝑓
0)    

𝑐�̅� = 𝑀𝑊𝑐𝑝           [𝑐�̅�] =
𝑘𝐽

𝑘𝑚𝑜𝑙 ⋅ 𝐾
            𝛥ℎ̅𝑓

0 = 𝑀𝑊𝛥ℎ𝑓
0           [𝛥ℎ̅𝑓

0] =
𝑘𝐽

𝑘𝑚𝑜𝑙
 

𝑄𝑒𝑥𝑡 = ∑[𝑛𝑗𝑐�̅�𝑗(𝑇2 − 𝑇𝑓)]𝑝𝑟𝑜𝑑
𝑗

− ∑[𝑛𝑖𝑐�̅�𝑖(𝑇1 − 𝑇𝑓)]𝑟𝑒𝑎
𝑖

+ Δ𝐻𝑅𝑃𝑓 

𝛥𝐻𝑅𝑃𝑓 = ∑ [𝑛𝑗𝛥ℎ̅𝑓𝑗
0 ]

𝑝𝑟𝑜𝑑𝑗 − ∑ [𝑛𝑖𝛥ℎ̅𝑓𝑖
0 ]

𝑟𝑒𝑎𝑖  

𝐾𝑝 =
𝑘𝑓

𝑘𝑟
=

𝑝𝐶
𝑛𝐶𝑝𝐷

𝑛𝐷

𝑝𝐴
𝑛𝐴𝑝𝐵

𝑛𝐵 = 𝐾𝑛(𝑝𝑚)𝑛𝐶+𝑛𝐷−𝑛𝐴−𝑛𝐵          𝐾𝑛 =
𝜒𝐶

𝑛𝐶𝜒𝐷
𝑛𝐷

𝜒𝐴
𝑛𝐴𝜒𝐵

𝑛𝐵 

  



Formule PA7 

�̲� = 𝜔𝑟�̂�𝜃          �̲̲̲� = �̲� − �̲�              �̲� = �̲̲̲� + �̲�    

𝜏𝑓𝑙𝑢𝑖𝑑 = �̇�(𝑟2𝐶𝜃2 − 𝑟1𝐶𝜃1)                   

 𝒫 = 𝜏𝑓𝑙𝑢𝑖𝑑𝜔 = �̇�𝜔(𝑟2𝐶𝜃2 − 𝑟1𝐶𝜃1) = �̇�𝜔𝛥(𝑟𝐶𝜃) 

Eulero  𝑤 =
𝒫

�̇�
= 𝜔Δ(𝑟𝐶𝜃) = Δ(𝑈𝐶𝜃)      

ℎ𝑡2

ℎ𝑡1
= 1 +

𝜔𝛥(𝑟𝐶𝜃)

ℎ𝑡1
 

𝑟𝑚 =
𝑟ℎ + 𝑟𝑡

2
      𝑤 = 𝜔Δ(𝑟𝐶𝜃) ≅  𝜔𝑟Δ𝐶𝜃 = 𝑈Δ𝐶𝜃       𝐶𝜃1 = 𝐶𝑧1 tan(𝛼1)           𝑊𝜃1 = 𝐶𝑧1 tan(𝛽1) 

𝜏𝑟 = −𝜏𝑓𝑙𝑢𝑖𝑑 = −�̇�𝑟(𝐶𝜃2 − 𝐶𝜃1)                  𝜏𝑠 = −𝜏𝑓𝑙𝑢𝑖𝑑 = −�̇�𝑟(𝐶𝜃3 − 𝐶𝜃2) 

𝑇𝑡2

𝑇𝑡1
= 1 +

𝑈2

𝑐𝑝𝑇𝑡1

𝐶𝑧1

𝑈
(
𝐶𝑧2

𝐶𝑧1
tan𝛼2 − tan𝛼1)         

𝐶𝑧2 𝑡𝑎𝑛 𝛼2

𝑈
=

𝐶𝜃2

𝑈
=

𝑈 + 𝑊𝜃2

𝑈
= 1 +

𝐶𝑧2

𝑈
𝑡𝑎𝑛 𝛽2 

Coef. di Flusso: 𝜙 =
𝐶𝑧

𝑈
=

𝐶𝑧/𝑎1

𝑈/𝑎1
=

𝑀𝑧

𝑀𝑇
          

𝑇𝑡2

𝑇𝑡1
= 1 +

𝑈2

𝑐𝑝𝑇𝑡1

[1 + 𝜙(𝑡𝑎𝑛 𝛽2 − 𝑡𝑎𝑛 𝛼1)] 

𝑇𝑡2

𝑇𝑡1
= 1 +

(𝛾 − 1)

1
𝑀𝑇

2 +
𝛾 − 1

2 cos2 𝛼1
𝜙2

[1 +
𝑀𝑧

𝑀𝑇

(tan 𝛽2 − tan𝛼1)] 

rotalpia: ℎ𝑡 − 𝐶𝜃𝑈           ℎ𝑡𝑟 = ℎ1 +
𝑊1

2

2
= ℎ2 +

𝑊2
2

2
 

ℎ𝑡2 − ℎ𝑡1 =
𝒫

�̇�
= 𝑤𝑐 = 𝐶𝜃2𝑈 − 𝐶𝜃1𝑈 

Coefficiente di carico: 𝛹𝑐 =
Δℎ𝑡

𝑈2
=

𝐶𝜃2

𝑈
−

𝐶𝜃1

𝑈
= 1 + 𝜙(𝑡𝑎𝑛𝛽2 − 𝑡𝑎𝑛 𝛼1) 

Grado di reazione: °𝑅 =
ℎ2 − ℎ1

ℎ3 − ℎ1
=

ℎ𝑡2 − ℎ𝑡1 − (𝐶2
2 − 𝐶1

2)/2

ℎ𝑡2 − ℎ𝑡1 − (𝐶3
2 − 𝐶1

2)/2
 

Stadio ripetuto(𝐶1 = 𝐶3): °𝑅 =
ℎ𝑡2 − ℎ𝑡1 − (𝐶2

2 − 𝐶1
2)/2

ℎ𝑡2 − ℎ𝑡1 − (𝐶3
2 − 𝐶1

2)/2
= 1 −

(𝐶2
2 − 𝐶1

2)/2

ℎ𝑡2 − ℎ𝑡1
 

Per (𝐶𝑧2 = 𝐶𝑧1): °𝑅 = 1 −
𝐶𝜃2 + 𝐶𝜃1

2𝑈
= 1 −

𝐶𝜃.𝑚𝑒𝑎𝑛

𝑈
=

1

2
− 𝜙

𝑡𝑎𝑛 𝛽2 + 𝑡𝑎𝑛 𝛼1

2
 

Fattore di diffusione: 𝐷𝑟 = 1 −
𝑊2

𝑊1
+

|𝑊𝜃2 − 𝑊𝜃1|

2𝜎𝑟𝑊1
      𝐷𝑠 = 1 −

𝐶3

𝐶2
+

|𝐶𝜃3 − 𝐶𝜃2|

2𝜎𝑠𝑊2
 

Solidità: 𝜎𝑟 =
𝑐𝑟

𝑠𝑟
            �̅� =

𝑝𝑡𝑟1 − �̅�𝑡𝑟2

𝜌1𝑊1
2/ 2

 

  



Formule PA8 

𝜏𝑓 = �̇�(𝑟2𝐶𝜃2 − 𝑟1𝐶𝜃1) 

𝒫𝑟 = −𝒫𝑓 = �̇�(ℎ𝑡2 − ℎ𝑡3) = 𝜏𝑓𝜔 = �̇�𝜔(𝑟2𝐶𝜃2 − 𝑟3𝐶𝜃3) = �̇�𝜔Δ(𝑟𝐶𝜃) 

Grado di reazione: °𝑅 =
ℎ2 − ℎ3

ℎ1 − ℎ3
=

ℎ𝑡2 − ℎ𝑡3 − (𝐶2
2 − 𝐶3

2)/2

ℎ𝑡2 − ℎ𝑡3 − (𝐶1
2 − 𝐶3

2)/2
 

Stadio ripetuto(𝐶1 = 𝐶3) e (𝐶𝑧2 = 𝐶𝑧1): °𝑅 = 1 −
𝐶𝜃2 + 𝐶𝜃3

2𝑈
= 1 −

𝐶𝜃.𝑚𝑒𝑎𝑛

𝑈
 

𝑤𝑡 ≅ 𝑈Δ𝐶𝜃 = 𝑈𝐶𝜃2 = 𝑈𝐶𝑧2 tan𝛼2 

Cooling 

𝑇𝑎𝑤 = 𝑇𝑔 + 𝑟
𝐶2

2𝑐𝑝
             𝑇𝑎𝑤,𝑟 = 𝑇𝑔 + 𝑟

𝑊2

2𝑐𝑝
       𝑟 = √𝑃𝑟     lam     𝑟 = √𝑃𝑟

3
  turb 

𝑃𝑟 =
𝑐𝑝𝜇

𝑘
=

𝜈

𝛼
             𝜂 =

𝑇𝑡 − 𝑇𝑤𝑔

𝑇𝑡 − 𝑇𝑐
 

legge di Newton;  𝑞 = ℎ𝑔(𝑇𝑎𝑤 − 𝑇𝑤𝑔) 

𝑁𝑢 =
ℎ𝐿

𝑘
          𝑆𝑡 =

ℎ

𝜌𝑢 𝑐𝑝
           𝑁𝑢 = 𝑁𝑢(𝑅𝑒, 𝑃𝑟)               𝑆𝑡 = 𝑆𝑡(𝑅𝑒, 𝑃𝑟) 

analogia di Reynolds: 𝑆𝑡 =
𝑐𝑓
2

              𝜎𝑐 = 𝐴𝑐/𝐴𝑤    

�̇� ≅ 2𝜎�̇�𝑔𝑐𝑝𝑔𝑆𝑡𝑔(𝑇𝑎𝑤 − 𝑇𝑤𝑔) ≅ 𝜎𝑐�̇�𝑐𝑐𝑝𝑐𝑆𝑡𝑐(𝑇𝑤𝑐 − 𝑇𝑐)       𝜖 ≅
�̇�𝑐

�̇�𝑔
=

2𝜎

𝜎𝑐

𝑐𝑝𝑔

𝑐𝑝𝑐

𝑆𝑡𝑔
𝑆𝑡𝑐

𝑇𝑎𝑤 − 𝑇𝑤𝑔

𝑇𝑤𝑐 − 𝑇𝑐
 

𝑇𝑤𝑐 = 𝑇𝑤𝑔 −
𝑡𝑤
𝑘𝑤

�̇�𝑔

𝐴𝑔
𝑐𝑝𝑔𝑆𝑡𝑔(𝑇𝑎𝑤 − 𝑇𝑤𝑔) 

  



Formule PA9 Off Design 

�̇�0 =
𝑝𝑡0𝐴0Ψ0

𝑎𝑡0
        Ψ(𝑀, 𝛾) = 𝛾𝑀𝜓−𝐾        𝛿𝑖 =

𝑝𝑡𝑖

𝑝𝑟𝑒𝑓
        𝜃𝑖 =

𝑇𝑡𝑖

𝑇𝑟𝑒𝑓
 

�̇�𝑐𝑖 =
𝑚𝑖̇ √𝜃𝑖

𝛿𝑖
= √

𝛾𝑖

𝑅𝑖

𝑝𝑟𝑒𝑓

√𝑇𝑟𝑒𝑓

𝐴𝑖𝑀𝑖𝜓𝑖
−𝐾𝑖         

𝑝𝑡2

𝑝𝑡0

𝐴2

𝐴0
𝑀𝑧2𝜓𝑧2

−𝐾2 = 𝜓0
−𝐾0 

�̇�4 = (1 + 𝑓)�̇�2    →   √
𝛾4

𝑅4

𝜋𝑏𝜋𝑐𝐴4

√𝑇𝑡4/𝑇𝑡2

(
𝛾4 + 1

2
)
−𝐾4

= (1 + 𝑓)√
𝛾2

𝑅2
𝐴2𝑀𝑧2𝜓𝑧2

−𝐾2 

𝑓 =
ℎ𝑡4 − ℎ𝑡3

𝑄𝑅𝜂𝑏 − ℎ𝑡4
=

(𝑐𝑝4/𝑐𝑝2)𝑇𝑡4/𝑇𝑡2 − 𝜏𝑐

𝑄𝑅𝜂𝑏/(𝑐𝑝2𝑇𝑡2) − (𝑐𝑝4/𝑐𝑝2)𝑇𝑡4/𝑇𝑡2

 

�̇�𝑐2 =
�̇�𝑐4

1 + 𝑓

𝑝𝑡4

𝑝𝑡2

1

√𝑇𝑡4/𝑇𝑡2

=
�̇�𝑐4

1 + 𝑓

𝜋𝑏𝜋𝑐

√𝑇𝑡4/𝑇𝑡2

        
�̇�𝑐4

�̇�𝑐5
=

𝜋𝑡

√𝜏𝑡

(1 −
𝜖1 + 𝜖2

1 + 𝑓
) 

𝜏𝑡.𝑂𝐷 = 𝜏𝑡.𝐷 

𝜏𝑐 − 1 = 𝜂𝑚(1 + 𝑓)
𝑐𝑝4

𝑐𝑝2

𝑇𝑡4

𝑇𝑡2

(1 − 𝜏𝑡)        
𝑁𝑐2

𝑁𝑐4
= √

𝑇𝑡4

𝑇𝑡2
 

𝜏𝑐,𝑂𝐷 = 1 + (𝜏𝑐,𝐷 − 1)
(𝑇𝑡4/𝑇𝑡2)𝑂𝐷

(𝑇𝑡4/𝑇𝑡2)𝐷
 

𝜋𝑐,𝑂𝐷 = [1 + 𝜂𝑐(𝜏𝑐,𝐷 − 1)
(𝑇𝑡4/𝑇𝑡2)𝑂𝐷

(𝑇𝑡4/𝑇𝑡2)𝐷
]

1
𝑘

 

𝑁𝑐4,𝑂𝐷 ≈ 𝑁𝑐4,𝐷 ≈ 𝑐𝑜𝑠𝑡          
𝑁𝑐2,𝑂𝐷

𝑁𝑐2,𝐷
≈ √

(𝑇𝑡4/𝑇𝑡2)𝑂𝐷

(𝑇𝑡4/𝑇𝑡2)𝐷
= √

𝜏𝑐,𝑂𝐷 − 1

𝜏𝑐,𝐷 − 1
 

�̇�𝑐2,𝑂𝐷

�̇�𝑐2,𝐷
≈

𝜋𝑐,𝑂𝐷

𝜋𝑐,𝐷

√
(𝑇𝑡4/𝑇𝑡2)𝐷

(𝑇𝑡4/𝑇𝑡2)𝑂𝐷
=

𝜋𝑐,𝑂𝐷

𝜋𝑐,𝐷
√

𝜏𝑐,𝐷 − 1

𝜏𝑐,𝑂𝐷 − 1
 

�̇�𝑐2,𝑂𝐷

�̇�𝑐2,𝐷
=

𝑀𝑧2,𝑂𝐷𝜓𝑧2,𝑂𝐷
−𝐾2

𝑀𝑧2,𝐷𝜓𝑧2,𝐷
−𝐾2

 

 


