
Mattingly 9.12 

 

 

𝑘 =
𝛾 − 1

𝛾
=
1.4 − 1

1.4
= 0.2857                  𝑅 = 286 ⋅

𝐽

𝑘𝑔 ⋅ 𝐾
           𝑐𝑝 =

𝑅

𝑘
= 1004 ⋅

𝐽

𝑘𝑔 ⋅ 𝐾
  

Sezione 1 

𝜓1 = 1 +
γ − 1

2
𝑀1
2 = 1 + .2 ⋅ 0.52 = 1.050 

𝑇1 =
𝑇𝑡1
𝜓1
=
290

1.050
= 276 ⋅ 𝐾            𝑎1 = √𝛾𝑅𝑇1 = √1.4 ⋅ 286 ⋅ 276 = 333 ⋅

𝑚

𝑠
           

𝑎𝑡1 = √𝛾𝑅𝑇𝑡1 = √1.4 ⋅ 286 ⋅ 290 = 341 ⋅
𝑚

𝑠
          𝑝1 =

𝑝𝑡1

𝜓1

1
𝑘

=
101.3

1.050
1

0.286

= 85.4 ⋅ 𝑘𝑃𝑎 

𝐶1 = 𝑀1𝑎1 = 0.5 ⋅ 333 = 166.5 ⋅
𝑚

𝑠
          𝐶𝑧1 = 𝐶1 cos 𝛼1 = 166.5 ⋅ cos 40 = 127.5 ⋅

𝑚

𝑠
 

𝐶𝜃1 = 𝐶1 sin 𝛼1 = 166.5 ⋅ sin 40 = 107.0 ⋅
𝑚

𝑠
            𝑈 = 𝜔𝑅𝑜 = 800 ⋅ 0.5 = 400 ⋅

𝑚

𝑠
 

𝑀1     
     𝐼𝑆𝑂   
→          

𝐴𝑅
𝐴1
∗ = 1.340 

�̇� =
𝑝𝑡1
𝐴1
∗

𝐴𝑅
𝐴𝑅Ψ

∗

𝑎𝑡1
         𝐴𝑅 =

�̇�𝑎𝑡1

𝑝𝑡1
𝐴1
∗

𝐴𝑅
Ψ∗
=

50 ⋅ 341

101,300 ⋅
0.81
1.340

= 0.278 ⋅ 𝑚2 



𝐴1 =
𝐴𝑅
cos α1

=
0.278

cos 40
= 0.363 ⋅ 𝑚2 

Sezione 1r 

𝑊𝜃1 = 𝐶𝜃1 − 𝑈 = 107.0 − 400 = −293 ⋅
𝑚

𝑠
          

𝑊1 = √𝑊𝜃1
2 +𝑊𝑧1

2 = √2932 + 127.52 = 320 ⋅
𝑚

𝑠
 

𝛽1 = atan
𝑊𝜃1
𝑊𝑧1

= atan−
293

127.5
= −66.5° 

𝑀1𝑅 =
𝑊1
𝑎1
=
320

333
= 0.961            𝜓1𝑅 = 1 +

γ − 1

2
𝑀1𝑅
2  = 1 + .2 ⋅ 0.9612 = 1.185 

𝑇𝑡1𝑅 = 𝑇1𝜓1𝑅 = 276 ⋅ 1.185 = 327 ⋅ 𝐾        𝑝𝑡1𝑅 = 𝑝1𝜓1𝑅

1
𝑘 = 85.4 ⋅ 1.185

1
0.286 = 154.7 ⋅ 𝑘𝑃𝑎 

Sezione 2r 

ω𝑟 =
𝑝𝑡1𝑅 − 𝑝𝑡2𝑅
1
2𝜌1𝑊1

2
=
𝑝𝑡1𝑅 − 𝑝𝑡2𝑅
1
2
𝜌1
𝑝1
𝑝1𝑊1

2
=
𝑝𝑡1𝑅 − 𝑝𝑡2𝑅
1
2 𝛾𝑝1𝑀1𝑟

2
 

𝑝𝑡2𝑅 = 𝑝𝑡1𝑅 −ω𝑟
1

2
𝛾𝑝1𝑀1𝑟

2 = 154.7 − 0.1 
1.4 ⋅ 85,400 ⋅ 0.9612

2
= 149.2 ⋅ 𝑘𝑃𝑎 

𝑇𝑡2 = 𝑇𝑡1 + Δ𝑇𝑡 = 290 + 45 = 335 ⋅ 𝐾         
𝑇𝑡2
𝑇𝑡1
= 1 +

𝑈2

𝑐𝑝𝑇𝑡1
[1 +

𝐶𝑧1
𝑈
(tan𝛽2 − tan𝛼1)] 

𝑇𝑡2
𝑇𝑡1
= 1 +

𝑈2

𝑐𝑝𝑇𝑡1
+
𝑈2

𝑐𝑝𝑇𝑡1

𝐶𝑧1
𝑈
(tan𝛽2 − tan𝛼1)     

𝑇𝑡2
𝑇𝑡1
− 1 −

𝑈2

𝑐𝑝𝑇𝑡1
+
𝑈2

𝑐𝑝𝑇𝑡1

𝐶𝑧1
𝑈
tan𝛼1 =

𝑈2

𝑐𝑝𝑇𝑡1

𝐶𝑧1
𝑈
tan𝛽2 

tan 𝛽2 = tan𝛼1 + (

𝑇𝑡2
𝑇𝑡1
− 1

𝑈2

𝑐𝑝𝑇𝑡1

− 1)
𝑈

𝐶𝑧1
= tan 40 + (

335
290 − 1

4002

1004 ⋅ 290

− 1)
400

127.5
= −1.412 

𝛽2 = atan−1.412 = −54.7° 

𝑊𝜃2 = 𝐶𝑧2 tan𝛽2 = 127.5 ⋅ (−1.412) =   − 180.1 ⋅
𝑚

𝑠
 

𝑊2 = √𝑊𝜃2
2 +𝑊𝑧2

2 = √180.12 + 127.52 = 221 ⋅
𝑚

𝑠
 

𝑇2 = 𝑇𝑡2𝑅 −
𝑊2

2𝑐𝑝
= 327 −

2212

2 ⋅ 1004
= 303 ⋅ 𝐾        

𝑎2 = √𝛾𝑅𝑇2 = √1.4 ⋅ 286 ⋅ 303 = 348 ⋅
𝑚

𝑠
         𝑀2𝑅 =

𝑊2
𝑎2
=
221

348
= 0.634 

𝑝2 = 𝑝𝑡2𝑅 (
𝑇2
𝑇𝑡2𝑅

)

1
𝑘
= 149.2 ⋅ (

303

327
)

1
0.286

= 114.3 ⋅ 𝑘𝑃𝑎 

Sezione 2 



𝐶𝜃2 = 𝑊𝜃2 + 𝑈 = −180.1 + 400 = 220 ⋅
𝑚

𝑠
         

𝐶2 = √𝐶𝜃2
2 + 𝐶𝑧2

2 = √2202 + 127.52 = 254 ⋅
𝑚

𝑠
 

𝛼2 = atan
𝐶𝜃2
𝐶𝑧2

= atan
220

127.5
= 60.0° 

𝑀2 =
𝐶2
𝑎2
=
254

348
= 0.730 ⋅

𝑚

𝑠
         𝜓2 = 1 +

γ − 1

2
𝑀2
2 = 1 + .2 ⋅ 0.7302 = 1.107 

𝑇𝑡2 = 335 ⋅ 𝐾        𝑝𝑡2 = 𝑝2𝜓2

1
𝑘 = 114.3(1.107)

1
0.286 = 163.1 ⋅ 𝑘𝑃𝑎  

𝑎𝑡2 = √𝛾𝑅𝑇𝑡2 = √1.4 ⋅ 286 ⋅ 335 = 367 ⋅
𝑚

𝑠
            

𝑀2     
     𝐼𝑆𝑂   
→          

𝐴𝑅2
𝐴2
∗ = 1.075                𝐴𝑅2 =

�̇�𝑎𝑡2

𝑝𝑡2
𝐴2
∗

𝐴𝑅2
Ψ∗
=

50 ⋅ 367

163,100 ⋅
0.81
1.075

= 0.149 ⋅ 𝑚2 

𝐴2 =
𝐴𝑅2
cos α2

=
0.149

cos 60
= 0.298 ⋅ 𝑚2 

Sezione 3 

𝑇𝑡3 = 𝑇𝑡2 = 335 ⋅ 𝐾 

𝑝𝑡3 = 𝑝𝑡2 −ω𝑠
1

2
𝛾𝑝2𝑀2

2 = 163.1 − 0.0.3 
1.4 ⋅ 114.300 ⋅ 0.7302

2
= 161.8 ⋅ 𝑘𝑃𝑎 

𝑀3 = 𝑀2 = 0.5        𝜓3 = 𝜓1 = 1.050      𝑇3 =
𝑇𝑡3
𝜓3
=
335

1.050
= 319 ⋅ 𝐾 

𝑎3 = √𝛾𝑅𝑇3 = √1.4 ⋅ 286 ⋅ 319 = 358 ⋅
𝑚

𝑠
       

𝑎𝑡3 = 𝑎𝑡2 = 367 ⋅
𝑚

𝑠
         𝑝3 = 𝑝𝑡3𝜓3

−
1
𝑘 = 161.8 ⋅ (1.050)−

1
0.286 = 136.4 ⋅ 𝑘𝑃𝑎 

𝐶3 = 𝑀3 ⋅ 𝑎3 = 0.5 ⋅ 358 = 179 ⋅
𝑚

𝑠
 

𝐶𝑧3 = 𝐶3 cos 𝛼3 = 179 ⋅ cos 40 = 137 ⋅
𝑚

𝑠
 

𝐶𝜃3 = 𝐶3 sin 𝛼3 = 179 ⋅ sin 40 = 115 ⋅
𝑚

𝑠
 

𝑀3     
     𝐼𝑆𝑂   
→          

𝐴𝑅3
𝐴3
∗ = 1.340         𝐴𝑅2 =

�̇�𝑎𝑡3

𝑝𝑡3
𝐴3
∗

𝐴𝑅3
Ψ∗
=

50 ⋅ 367

161,800 ⋅
0.81
1.340

= 0.1880 ⋅ 𝑚2 

𝐴3 =
𝐴𝑅3
cos α1

=
0.1880

cos 40
= 0.245 ⋅ 𝑚2 

Parametri dello stadio 

°𝑅 =
𝑇2 − 𝑇1
𝑇3 − 𝑇1

=
(303 − 276)

319 − 276
= 0.628 



𝐷𝑟 = 1 −
𝑊2
𝑊1
+
|𝑊𝜃2 −𝑊𝜃1|

2𝜎𝑟𝑊1
= 1 −

221

320
+
293 − 180

2 ⋅ 1 ⋅ 320
= 0.486 < 0.6 

𝐷𝑠 = 1 −
𝐶3
𝐶2
+
|𝐶𝜃3 − 𝐶𝜃2|

2𝜎𝑠𝐶2
= 1 −

179

254
+
220 − 115

2 ⋅ 1 ⋅ 254
= 0.503 < 0.6 

𝜂𝑐 =
𝜋𝑐
𝑘 − 1

𝜏𝑐 − 1
  =

(
161.8
101.3)

0.2856

− 1

335
290 − 1

= 0.922        

𝜏𝑐 = 𝜋𝑐

𝑘
𝑒𝑐         𝑒𝑐 = 𝑘

ln 𝜋𝑐
ln 𝜏𝑐 

= 0.286
ln
161.8
101.3

ln
335
290  

= 0.928 

Ψ𝑐 =
𝑐𝑝𝛥𝑇𝑡

𝑈2
=
1004 ⋅ 45

4002
= 0.2825      𝜙 =

𝐶𝑧
𝑈
=
127.6

400
= 0.319 

 
 



 
 

 


