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𝑇𝑡𝑜𝑡𝑎𝑙 = 𝑇𝑓 + 𝑇𝑠 = 𝑇𝑓 + 𝑇𝑠𝑐 + 𝑇𝑠1



 
 

 

 

7 
 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

8 
 



 
 

 

 

9 
 



 
 

 

 

10 
 



 
 

 

 

11 
 

 

 

 

 

 

 

 



 
 

 

 

12 
 



 
 

 

 

13 
 



 
 

 

 

14 
 



 
 

 

 

15 
 



 
 

 

 

16 
 



 
 

 

 

17 
 



 
 

 

 

18 
 

 



 
 

 

 

19 
 



 
 

 

 

20 
 

 

 

 

 

 

 

 



 
 

 

 

21 
 



 
 

 

 

22 
 

➢ 

➢ 

➢ 

➢ 



 
 

 

 

23 
 



 
 

 

 

24 
 



 
 

 

 

25 
 

➢ 

• 

➢ 

• 

• 



 
 

 

 

26 
 

• 

• 



 
 

 

 

27 
 



 
 

 

 

28 
 



 
 

 

 

29 
 

• 

• 

• 

• 

• 

• 

• 

• 



 
 

 

 

30 
 



 
 

 

 

31 
 

(𝑉𝑜) (𝑖)

(𝑛)

(𝑖)



 
 

 

 

32 
 

(𝑉𝑟)

(𝐶𝐴)

𝐶𝐴 =  (𝑉𝑜 − 𝑉𝑟) 𝑥 𝑓𝑟 + 𝑉𝑟 𝑥 𝑖

𝑓𝑟 = (𝑛)

(𝑖), 

𝑓𝑟 =
𝑖(1 + 𝑖)𝑛

(1 + 𝑖)𝑛 − 1
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𝑉 = 4400 𝑥 𝑊 + 89400 𝑥 𝑊0.35 𝑥 4766000 + 1400 𝑥 𝑃𝑡 + 580 𝑥 𝐽𝑡 + 670 𝑥 𝑆

𝑉 =  € 83.829.033 

 
𝑉 =  € 88.020.484 

𝑉(𝐷 + 𝑖)  =  € 257.019
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€ 71.900.000 𝑦 € 94.200.000

(𝑀 + 𝑅)

0,100 % ;  0,099 % 

𝑉 = 83.829.033,00

83,829.033 − 71,900.000

94,200.000 − 71,900.000
𝑥(0,100 − 0,099) + 0,099 = 0,099535 %

𝑉 =  € 83.439. 𝑥 1,05 =  € 87.611

𝑉 =  € 87.611𝑥 1,15 =  € 100.752

𝑉𝑓𝑖𝑗𝑜 =  € 100.752 𝑥 0,30 =  € 30.225
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𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 = € 70.527,01 𝑥 (
140 − 84

84
+ 1) = € 110.022,14

𝑉𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 =  € 100.752 𝑥 0,70 =  € 70.527

𝑀 + 𝑅

𝑉 = € 30.225.86 +  € 110.022,14 = € 140.248,00
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𝐷𝑡 0 𝐿 0
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𝑑𝑠𝑓 0 𝐿 0

∆ℎ 0 𝐿 0



 
 

 

 

49 
 

𝑓(𝐷𝑡, 𝜎, 𝐻, ℎ, 𝑑𝑠𝑓 , ∆ℎ, 𝜌𝑤 , 𝜌𝑎 , 𝜈𝑤, 𝜈𝑎, 𝑝, 𝑑𝑑, 𝑉𝑑𝑒𝑠)

𝑓(𝑉𝑏, 𝑉𝑎𝑠𝑐)

𝑓(𝐷𝑡, 𝜎, 𝐻, ℎ, 𝑑𝑠𝑓 , ∆ℎ. 𝜌𝑤 , 𝜌𝑎, 𝜈𝑤, 𝜈𝑎, 𝑝, 𝑑𝑑, 𝑉𝑏, 𝑉𝑑𝑒𝑠, 𝑉𝑎𝑠𝑐)  

𝜋 = 𝑚 − 𝑟

𝜋 = 15 − 3 = 12

𝐷𝑡 = 𝐿 𝐿 = 𝐷𝑡

𝜌𝑤 =
𝑀

𝐿3

            𝑀 = 𝜌𝑤(𝐷𝑡)3

𝑉𝑑𝑒𝑠 =
𝐿

𝑇
𝑇 =

𝐷𝑡

𝑉𝑑𝑒𝑠

𝜌𝑤 𝑀 𝐿−3 0

𝜌𝑎 𝑀 𝐿−3 0

𝜈𝑤 𝐿2 𝑇−1

𝜈𝑎 𝐿2 𝑇−1

𝑝 𝑀 𝐿−1 𝑇−2

𝑑𝑑 0 𝐿 0

𝑉𝑏 𝐿 𝑇−1

𝑉𝑑𝑒𝑠 𝐿 𝑇−1

𝑉𝑎𝑠𝑐 𝐿 𝑇−1
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𝑓 𝑖𝑛𝑒𝑟𝑐𝑖𝑎

𝑓 𝑝𝑟𝑒𝑠𝑖ó𝑛
=

𝑉

√2∆ 𝑝 𝜌⁄
= 𝐸

𝑉 

∆𝑝

𝜌

𝑓 𝑖𝑛𝑒𝑟𝑐𝑖𝑎

𝑓 𝑣𝑖𝑠𝑐𝑜𝑠𝑎
=

𝑉𝐿

𝜐
= 𝑅

𝑉 

𝐿 

𝜐

𝑓 𝑖𝑛𝑒𝑟𝑐𝑖𝑎

𝑓 𝑡𝑒𝑛𝑠𝑖ó𝑛
=

𝜌𝑉2𝐿

𝜎
= 𝑊

𝑉 

𝐿

http://es.wikipedia.org/wiki/Velocidad
http://es.wikipedia.org/wiki/Velocidad
http://es.wikipedia.org/wiki/Densidad
http://es.wikipedia.org/wiki/Velocidad
http://es.wikipedia.org/wiki/Tensi%C3%B3n_superficial
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𝑀

𝑇2
=

𝜌𝑤(𝐷𝑡)3

(
𝐷𝑡

𝑉𝑑𝑒𝑠
)

2 𝜋1 =
𝜌𝑤𝐷𝑡𝑉𝑑𝑒𝑠

2

𝜎

𝐻 = 𝐿 = 𝐷𝑡 𝜋2 =
𝐻

𝐷𝑡

ℎ = 𝐿 = 𝐷𝑡 𝜋3 =
ℎ

𝐷𝑡

𝑑𝑠𝑓 = 𝐿 = 𝐷𝑡 𝜋4 =
𝑑𝑠𝑓

𝐷𝑡

∆ℎ = 𝐿 = 𝐷𝑡 𝜋5 =
∆ℎ

𝐷𝑡

𝜌𝑎 =
𝑀

𝐿3
=

𝜌𝑤(𝐷𝑡)3

(𝐷𝑡)3
= 𝜌𝑤

𝜋6 =
𝜌𝑎

𝜌𝑤

𝜈𝑤 =
𝐿2

𝑇
=

(𝐷𝑡)2

𝐷𝑡

𝑉𝑑𝑒𝑠

=
(𝐷𝑡)2𝑉𝑑𝑒𝑠

𝐷𝑡
𝜋7 =

𝐷𝑡𝑉𝑑𝑒𝑠

𝜈𝑤

𝜈𝑎 =
𝐿2

𝑇
=

(𝐷𝑡)2

𝐷𝑡

𝑉𝑑𝑒𝑠

=
(𝐷𝑡)2𝑉𝑑𝑒𝑠
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𝑝 =
𝑀

𝐿𝑇2
=

𝜌𝑤(𝐷𝑡)3

𝐷𝑡 (
𝐷𝑡

𝑉𝑑𝑒𝑠
)

2 𝜋9 =
𝑉𝑑𝑒𝑠

√2 𝑝 𝜌𝑤⁄

𝑑𝑑 = 𝐿 = 𝐷𝑡 𝜋10 =
𝑑𝑑

𝐷𝑡

𝑉𝑏 =
𝐿

𝑇
=

𝐷𝑡

𝐷𝑡

𝑉𝑑𝑒𝑠

𝜋11 =
𝑉𝑏

𝑉𝑑𝑒𝑠

𝑉𝑎𝑠𝑐 =
𝐿

𝑇
=

𝐷𝑡

𝐷𝑡

𝑉𝑑𝑒𝑠

𝜋12 =
𝑉𝑎𝑠𝑐

𝑉𝑑𝑒𝑠
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𝑉𝐶 =
4

3
𝜋𝑟3

𝑉𝑐 𝑐𝑚3)

𝜋

𝑟

𝑉𝑐 =
4

3
 𝜋 (5.05)3 = 539.4643 𝑐𝑚3

𝑉𝑜𝑙𝑎𝑖𝑟𝑒 =
𝜋

4
(𝑑2

2 − 𝑑1
2) ∆ℎ =

𝜋

4
(242 − 10.12) 7.8 = 2,903.712 𝑐𝑚3

2,903.712 𝑐𝑚3  >   539.4643 𝑐𝑚3

(𝑐𝑚3)

𝑉𝑑 = 𝐴𝐿 = 𝜋𝑟2𝐿
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∅  𝑏𝑢𝑟𝑏𝑢𝑗𝑎 = 10.1 𝑐𝑚 ∴ 𝑟 = 5.05 𝑐𝑚

𝑉𝑑 = 𝜋(5.05 𝑐𝑚)2(41 𝑐𝑚) = 1045.6025 𝑐𝑚3

(𝑐𝑚3)

𝑡 =
𝑉𝑐

𝑄𝑎𝑖𝑟𝑒
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𝐺 = √
𝐻𝛾𝑄

𝜇∀

𝐺 = (𝑠−1)

𝐻 =

𝛾 = (
1𝑥10−3𝑘𝑔

𝑐𝑚3 )

𝑄 = (𝑐𝑚3/𝑠)
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𝜇 = (𝑝𝑎𝑟𝑎 20°𝐶, 𝜇 = 1.03𝑥10−8 𝑘𝑔 𝑠/𝑐𝑚2)

∀= (𝑐𝑚3)
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(8) = √
(5)(1𝑥10−3)(4)

(1.03𝑥10−8(7)
 (5) =

1

19.62
(

(4)

0.6(3)
)

2
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𝑉𝑐 =
4

3
 𝜋 (5.05)3 = 539.4643 𝑐𝑚3

𝑉𝑜𝑙𝑎𝑖𝑟𝑒 =
𝜋

4
(𝑑2

2 − 𝑑1
2) ∆ℎ =

𝜋

4
(242 − 10.12) 9.7 = 3,611.036 𝑐𝑚3

3,611.036 𝑐𝑚3  >   539.4643 𝑐𝑚3

𝑉𝑑 = 𝜋(5.05 𝑐𝑚)2(41 𝑐𝑚) = 1045.6025 𝑐𝑚3
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(𝑐𝑚3)
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(8) = √
(5)(1𝑥10−3)(4)

(1.03𝑥10−8(7)
 (5) =

1

19.62
(

(4)

0.6(3)
)

2
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𝑉𝑐 =
4

3
 𝜋 (5.05)3 = 539.4643 𝑐𝑚3

𝑉𝑜𝑙𝑎𝑖𝑟𝑒 =
𝜋

4
(𝑑2

2 − 𝑑1
2) ∆ℎ =

𝜋

4
(242 − 10.12) 13.8 = 5,137.35 𝑐𝑚3

5,137.35 𝑐𝑚3 >   539.4643 𝑐𝑚3

∅  𝑏𝑢𝑟𝑏𝑢𝑗𝑎 = 10.1 𝑐𝑚 ∴ 𝑟 = 5.05 𝑐𝑚

𝑉𝑑 = 𝜋(5.05 𝑐𝑚)2(41 𝑐𝑚) = 1045.6025 𝑐𝑚3
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Ensayes Vbala Vascenso Vdescenso

1 0.894 0.104 0.035 1114.041 3.733 3.485 0.126 0.936 829.876 3520.457 228.716 1.366 25.477 2.972

2 1.056 0.135 0.065 1553.470 3.733 3.485 0.167 1.040 829.876 6539.424 424.852 1.366 16.196 2.063

3 1.110 0.218 0.076 1717.309 3.733 3.485 0.167 1.542 829.876 7622.642 495.226 1.366 14.609 2.870

4* 0.715 0.041 0.005 176.304 12.840 12.840 0.508 0.720 829.876 131.276 8.529 5.520 135.224 7.733

5* 0.767 0.080 0.009 365.316 13.560 13.560 0.508 1.800 829.876 217.651 25.453 5.520 87.508 9.080

6* 0.971 0.129 0.011 325.071 7.400 7.400 0.282 1.222 829.876 478.153 17.258 3.067 90.741 12.063

𝜋2 =
𝐻

𝐷𝑡
 

Datos constantes Unidades

1000.00 kg/m3

1.205 kg/m3

0.000001007 m2/s

0.00001550 m2/s

Dt 0.101 0.101 0.101 m 0.025 0.025 0.045

h 0.352 m 0.321 0.339 0.333

H 0.377 m 0.321 0.339 0.333

dd 0.138 m 0.14 0.16 0.175

0.0725 kg/s2

Dsf 0.0127 0.0169 0.0169 m 0.0127 0.0127 0.0127

0.0945 0.105 0.1557 m 0.018 0.045 0.055

DATOS PRESENTE ESTUDIO DATOS * (González J A, 2008)
𝜌𝑤

𝜌𝑎

𝜈𝑤

𝜈𝑎

𝜎

∆ℎ
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