








 









 



  

  

  

  

 

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  

 



  

  

  

 

  

  

  

 

  

  

  

  

 

 

 

 





 

 



 



 



 

 

 

 

 





 

 





 



�̇�𝑎 = 𝜂𝑣 · 𝜌𝑎 · 𝑉𝑡 · 𝑛/2                                            (2.2.1)

𝑁𝑒 =  𝑃𝐶𝐼 · 𝜂𝑒 · 𝐹 · �̇�𝑎                                          (2.2.2)



𝜀 =  
𝑇2 − 𝑇2′

𝑇2 − 𝑇1
                                                       (2.2.3)



 



 

 

 

 

 



 

 

 



 

 

 



 



 

 

 
 

 







𝑢3

𝑎30
=

𝜔 𝐷3

2√𝛾𝑅𝑇30

∝
𝑛

√𝑇30

= 𝑛∗                                             (2.4.1)

�̇�∗ =
�̇�√𝑇30

𝑃30
= 𝐴𝑒𝑓𝑒𝑐𝑡𝑖𝑣𝑎√

𝛾

𝑅
(
𝑃4

𝑃30
)

1
𝛾
√

2

𝛾 − 1
[1 − (

𝑃4

𝑃30
)

𝛾−1
𝛾

]                (2.4.2)



 
 

 

 

 



 

 



 







 

 

 

 

 



 

 

 

 

 

 



 



 



 

 

 



  

 



 



 

 
 





 







 

 

𝑀𝑎𝑠𝑎         →         
𝜕𝜌

𝜕𝑡
+ ∇ · (𝜌 · �⃗� ) = 0                                                               (3.3.1)

𝑀𝑜𝑚𝑒𝑛𝑡𝑜 𝑋    →      
𝜕(𝜌𝑢)

𝜕𝑡
+ ∇ · (𝜌 · 𝑢 · �⃗� ) = −

𝜕𝜌

𝜕𝑥
+ ∇ · (𝜇∇𝑢) + 𝑆𝑀𝑋

          (3.3.2)

𝑀𝑜𝑚𝑒𝑛𝑡𝑜 𝑌    →      
𝜕(𝜌𝑢)

𝜕𝑡
+ ∇ · (𝜌 · 𝑣 · �⃗� ) = −

𝜕𝜌

𝜕𝑦
+ ∇ · (𝜇∇𝑣) + 𝑆𝑀𝑌

          (3.3.3)

𝑀𝑜𝑚𝑒𝑛𝑡𝑜 𝑍    →      
𝜕(𝜌𝑢)

𝜕𝑡
+ ∇ · (𝜌 · 𝑤 · �⃗� ) = −

𝜕𝜌

𝜕𝑧
+ ∇ · (𝜇∇𝑤) + 𝑆𝑀𝑍

         (3.3.4)

𝐸𝑛𝑒𝑟𝑔𝑖𝑎    →      
𝜕(𝜌𝑒)

𝜕𝑡
+ ∇ · (𝜌 · 𝑒 · �⃗� ) = −𝑝∇ · (�⃗� ) + ∇ · (𝑘∇𝑇) + 𝑆𝑒         (3.3.5)

ρ)



𝐸𝑐.  𝐺𝑎𝑠 𝑃𝑒𝑟𝑓𝑒𝑐𝑡𝑜      →        𝑝 =  𝜌 · 𝑅 · 𝑇                                                                 (3.3.6) 

𝐸𝑐.  𝐺𝑎𝑠 𝑃𝑒𝑟𝑓𝑒𝑐𝑡𝑜      →        𝑒 =  𝑐𝑣 · 𝑇                                                                      (3.3.7) 
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  CONDICIONES A IMPONER 

  N m_in T_in,0 p_out 

Punto 
Operación 

Modelo 
Turbulencia 

rpm kg/s K Pa 

59 g/s RANS 79450 0.05894 292.14 120400 

25 g/s RANS 79386 0.02534 292.82 128600 

16 g/s RANS 79856 0.01533 290.28 128800 

84 g/s RANS 118753 0.08339 294.51 154100 

58 g/s RANS 118778 0.05799 294.49 163200 

35 g/s RANS 118705 0.03468 294.46 165200 

109 g/s RANS 158776 0.10919 292.82 214100 

68 g/s RANS 158810 0.06804 292.79 223300 

54 g/s RANS 158701 0.05406 293.54 221800 

 
 



 



𝐶𝑜𝑛𝑡𝑖𝑛𝑢𝑖𝑑𝑎𝑑 →                        �̇�𝐴 𝐸𝑛𝑡 = �̇�𝐴 𝑆𝑎𝑙                                              (3.3.8)



𝐶𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑐𝑖ó𝑛 𝐸𝑛𝑒𝑟𝑔í𝑎 →            𝐸𝐸𝑛𝑡  =  𝐸𝑆𝑎𝑙  → 

→   ∑ (�̇�𝐴 𝐸𝑛𝑡 ·  ℎ0𝐴 𝐸𝑛𝑡
)

𝐴 𝐸𝑛𝑡

+ 𝑊 · 𝑁 = ∑  (�̇�𝐴 𝑆𝑎𝑙 ·  ℎ0𝐴 𝑆𝑎𝑙
)

𝐴 𝑆𝑎𝑙

       (3.3.9)

(�̇�𝐴 ·  ℎ0𝐴 
)

Par Generado (N*m) 0.161401927 

Régimen de Giro (rad/s) 8319.984544 
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β

 𝛽𝑓𝑙𝑢𝑗𝑜 =  𝐴𝑟𝑐𝑇𝑎𝑛 ( 
𝑣𝑎𝑥𝑖𝑎𝑙

𝑣𝑡𝑎𝑛𝑔𝑒𝑛𝑐𝑖𝑎𝑙
)                                     (3.7.1)

β



β

β

β



β

β del metal  frente al radio



β β

 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑖𝑎 = 𝛽𝑓𝑙𝑢𝑗𝑜 − 𝛽𝑚𝑒𝑡𝑎𝑙                                       (3.7.2) 

β

β

β

 𝛽𝑓𝑙𝑢𝑗𝑜 =  𝐴𝑟𝑐𝑇𝑎𝑛( 
𝑣𝑎𝑥𝑖𝑎𝑙

𝑣𝑡𝑎𝑛𝑔𝑒𝑛𝑐𝑖𝑎𝑙
) = 𝐴𝑟𝑐𝑇𝑎𝑛 ( 

𝑐0

𝑢0
)                 (3.7.3)

α

𝑣𝑎𝑥𝑖𝑎𝑙 = 𝑐0 =
�̇�𝐴 𝐸𝑛𝑡

Á𝑟𝑒𝑎 ·  𝜌𝑎𝑖𝑟𝑒

                                                 (3.7.4)

𝑣𝑡𝑎𝑛𝑔𝑒𝑛𝑐𝑖𝑎𝑙 = 𝑢0 = 𝜔 · 𝑟                                                (3.7.5)

β
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