
Esercizio Mattingly 9.35 

m 40 kg/s Cz2=Cz3  
 1000 rad/s M1 0.3 

Ro 0.4 m M2 1.15 

Tt1 1780 K  0 

pt1 1,400,000 Pa r 0.08 

Tt 230 K s 0.04 

R 287 J/kgK   

cp 1243.6667   1.3 



 0.7607961  k 0.2308 

 

𝑘 =
𝛾 − 1

𝛾
=

0.3

1.3
= 0.231        𝐾 =

𝛾 + 1

2(𝛾 − 1)
=

2.3

0.6
= 3.83 

Sezione 1 

𝜓1 = 1 +
𝛾 − 1

2
𝑀1

2 = 1 + 0.15 ⋅ 0.32 = 1.014 

𝑇1 =
𝑇𝑡1

𝜓1
=

1780

1.014
= 1755 ⋅ 𝐾 

𝑝1 =
𝑝𝑡1

𝜓1

1
𝑘

=
1400

1.014
1

0.231

= 1318 ⋅ 𝑘𝑃𝑎 

𝑎𝑡1 = √γ𝑅𝑇𝑡1 = 1.3 ⋅ 287 ⋅ 1780 = 815 ⋅ 𝑚/𝑠 

𝑎1 = √𝛾𝑅𝑇1 = 1.3 ⋅ 287 ⋅ 1755 = 809 ⋅ 𝑚/𝑠 

𝐶1 = 𝑀1 ⋅ 𝑎1 = 0.3 ⋅ 809 = 243 ⋅ 𝑚/𝑠 

𝐶𝜃1 = 𝐶1 ⋅ sin 𝛼1 = 0 ⋅ 𝑚/𝑠        𝐶𝑧1 = 𝐶1 ⋅ cos 𝛼1 = 243 ⋅ 𝑚/𝑠         

𝑈 = 𝜔𝑟0 = 1000 ⋅ 0.4 = 400 ⋅
𝑚

𝑠
 

𝑚̇ =
𝑝𝑡1

𝐴∗

𝐴1𝑅
𝐴1𝑅Ψ∗

𝑎𝑡1
=

𝑝𝑡1𝐴1𝑅Ψ1

𝑎𝑡1
       

Ψ(𝑀) = 𝛾𝑀𝜓−𝐾           

Ψ1 = 𝛾𝑀1𝜓1
−𝐾 = 1.3 ⋅ 0.3 ⋅ 1.014−3.83 = 0.370 

𝐴1 =
𝐴1𝑅

cos 𝛼
=

𝑚̇𝑎𝑡1

cos 𝛼 𝑝𝑡1

1

𝛹1
=

40 ⋅ 815

1400 ⋅ 103

1

0.370
= 0.0629 ⋅ 𝑚2 

Sezione 2 

𝑀2 = 1.15         𝑇𝑡2 = 𝑇𝑡1 = 1780 ⋅ 𝐾            𝜔𝑠 = 0.04 



𝜓2 = 1 +
𝛾 − 1

2
𝑀2

2 = 1 + 0.15 ⋅ 1.152 = 1.198 

𝑇2 =
𝑇𝑡2

𝜓2
=

1780

1.198
= 1486𝐾 

𝑎𝑡2 = √γ𝑅𝑇𝑡2 = √1.3 ⋅ 287 ⋅ 1780 = 815 ⋅ 𝑚/𝑠 

𝑎2 = √γ𝑅𝑇2 = √1.3 ⋅ 287 ⋅ 1486 = 745 ⋅ 𝑚/𝑠 

𝐶2 = 𝑀2 ⋅ 𝑎2 = 1.15 ⋅ 745 = 857𝑚/𝑠 

𝜔𝑠 =
𝑝𝑡1 − 𝑝𝑡2

𝑝𝑡2 − 𝑝2
= 𝜔𝑠 =

1 −
𝑝𝑡2

𝑝𝑡1
𝑝𝑡2

𝑝𝑡1
 (1 −

𝑝2

𝑝𝑡2
)

→  

𝑝𝑡2 =
𝑝𝑡1

1 + 𝜔𝑠 (1 − 𝜓2

−
1
𝑘)

=
1400 ⋅ 103

1 + 0.04 (1 − 1.198
−1

0.231)
= 1,370𝐾𝑃𝑎  

𝑝2 = 𝑝𝑡2𝜓2

−1
𝑘 = 1370 ⋅ 1.198

−1
0.231 = 627 ⋅ 𝑘𝑃𝑎  

Dall'equazione di Eulero (con 𝐶𝜃3 = 0): 

Δℎ𝑡 = −𝑈Δ𝐶𝜃 = −𝑈(𝐶𝜃3 − 𝐶𝜃2) = 𝑈𝐶𝜃2 

𝐶𝜃2 = −
Δℎ𝑡

𝑈
=

𝑐𝑝Δ𝑇𝑡

𝑈
= 1242 ⋅

230

400
= 714 ⋅ 𝑚/𝑠 

𝛼2 = asin
𝐶𝜃2

𝐶2
= asin

714

857
= 56.4° 

𝐶𝑧2 = 𝐶2 ⋅ cos 𝛼2 = 857 ⋅ cos 56.4 = 474 ⋅ 𝑚/𝑠         

Ψ2 = 𝛾𝑀2𝜓2
−𝐾 = 1.3 ⋅ 1.15 ⋅ 1.198−3.83 = 0.748 

𝐴2 =
𝐴2𝑅

cos 𝛼2
=

𝑚̇𝑎𝑡2

cos 𝛼2 𝑝𝑡2

1

Ψ2
=

40 ⋅ 815

0.5498 ⋅ 1,370 ⋅ 103

1

0.748
= 0.0575 ⋅ 𝑚2 

Sezione 2r 

𝑊𝜃2 = 𝐶𝜃2 − 𝑈 = 714 − 400 = 314 ⋅
𝑚

𝑠
 

𝑊2 = √𝑤𝜃2
2 + 𝑊𝑧2

2 = √4742 + 3142 = 569
𝑚

𝑠
 

𝛽2 = atan
𝑊𝜃2

𝑊𝑧2
= atan

314

474
= 33.5° 

𝑀2𝑅 =
𝑊2

𝑎2
=

569

745
= 0.764 

𝜓2𝑅 = 1 +
𝛾 − 1

2
𝑀2𝑅

2 = 1 + 0.15 ⋅ 0.7642 = 1.088 

𝑇𝑡2𝑅 = 𝑇2𝜓2𝑅 = 1486 ⋅ 1.088 = 1617 ⋅ 𝐾 



𝑝𝑡2𝑅 = 𝑝2𝜓2𝑅

1
𝑘 = 627 ⋅ 1.088

1
0.231 = 903 ⋅ 𝑘𝑃𝑎  

Sezione 3 

𝐶𝑧3 = 𝐶𝑧2 = 474 ⋅ 𝑚/𝑠        𝛼 = 0 → 𝐶3 = 𝐶𝑧3 = 474 ⋅ 𝑚/𝑠         𝐶𝜃3
= 0𝑚/𝑠 

𝑇𝑡3 = 𝑇𝑡2 − Δ𝑇𝑡 = 1780 − 230 = 1550𝐾 

𝑇3 = 𝑇𝑡3 −
𝐶3

3

2𝑐𝑝
= 1550 −

4742

2 ⋅ 1244
= 1460 ⋅ 𝐾 

𝜓3 =
𝑇𝑡3

𝑇3
=

1550

1460
= 1.062 

𝑎3 = √γ𝑅𝑇3 = √1.3 ⋅ 287 ⋅ 1460 = 738 ⋅ 𝑚/𝑠 

𝑎𝑡3 = √γ𝑅𝑇𝑡3 = √1.3 ⋅ 287 ⋅ 1550 = 760 ⋅ 𝑚/𝑠 

𝑀3 =
𝐶3

𝑎3
=

474

738
= 0.641 

Sezione 3r 

𝑊𝜃3 = 𝐶𝜃3 − 𝑈 = −400 = −400
𝑚

𝑠
 

𝑊3 = √𝑤𝜃3
2 + 𝑊𝑧3

2 = √4002 + 4732 = 619 ⋅
𝑚

𝑠
 

𝛽3 = atan
𝑊𝜃3

𝑊𝑧3
= atan

−400

473
= −40.2° 

𝑀3𝑅 =
𝑊3

𝑎3
=

619

738
= 0.840 

𝜓3𝑅 = 1 +
𝛾 − 1

2
𝑀3𝑅

2 = 1 + 0.15 ⋅ 0.8402 = 1.106 

𝑇𝑡3𝑅 = 𝑇𝑡2𝑅 = 1615𝐾 

𝑝𝑡3𝑟 =
𝑝𝑡2𝑟

1 + 𝜔𝑟 (1 − 𝜓3𝑅

−
1
𝑘)

=
900 ⋅ 103

1 + 0.08 (1 − 1.106
−1

0.231)
= 878 ⋅ 𝑘𝑃𝑎 

𝑝3 = 𝑝𝑡3𝑅𝜓3𝑅

−1
𝑘 = 878 ⋅ 1.106

−1
0.231 = 568 ⋅ 𝑘𝑃𝑎  

Sezione 3 

𝑝𝑡3 = 𝑝3𝜓3

1
𝑘 = 568 ⋅ 1.062

1
0.231 = 737 ⋅ 𝑘𝑃𝑎  

Ψ3 = 𝛾𝑀3𝜓3
−𝐾 = 1.3 ⋅ 0.642 ⋅ 1.062−3.83 = 0.663 



𝐴3 =
𝐴3𝑅

cos 𝛼3
=

𝑚̇𝑎𝑡3

cos 𝛼3 𝑝𝑡3

1

Ψ3
=

40 ⋅ 760

737 ⋅ 103

1

0.663
= 0.0622 ⋅ 𝑚2 

Parametri dello stadio 

°𝑅 =
ℎ2 − ℎ3

ℎ1 − ℎ3
=

1486 − 1460

1755 − 1460
= 0.0881 

𝜂 =
1 − 𝜏𝑡

1 − 𝜋𝑡
𝑘 =

1 −
1550
1780

1 − (
737

1400)
0.231 = 0.938 

𝑒𝑐 =
ln 𝜏𝑡

𝑘 ln 𝜋𝑡
=

ln
1550
1780

0.231 ln
737

1400

= 0.933 

𝛹𝑐 =
𝑐𝑝Δ𝑇𝑐

𝑈2
=

1242 ⋅ 230

4002
= 1.785 

 

 1 2 2R 3R 3 

Tt 1780 1780.0 1614.3 1614.3 1550.0 

T 1756.3 1485.3 1485.3 1460.9 1460.9 

pt 1,400,000 1,370,211 897,283 872,762 731,764 

p 1,320,966 625,488 625487.9 566,246 470.7 

M 0.3 1.1500 0.7609 0.8366 0.6375 

C/W 242.8 856.1 566.4 617.7 470.7 

W/Cz 242.8 470.7 470.7 470.7 470.7 

W/C 0.0 715.1 315.1 -400.0 0.0 

 0 56.65   0 


  33.80 -40.36  

 


