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𝐾𝑢

𝐾𝑚2.

𝑘1

𝑘2

𝑘3
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𝐶𝑂2 + 4𝐻2 → 𝐶𝐻4 + 2𝐻2𝑂

2𝐻2𝑂 → 2𝐻2 + 𝑂2
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(𝑙𝑠𝑝

�̇� =
𝐸

𝑙𝑠𝑝
=

173292,55

330
= 525,12 𝑘𝑔/𝑠

�̇� = 𝑥 + 3,8 ∙ 𝑥

525,12 = 𝑥 + 3,8 ∙ 𝑥

𝑥 109,4 kg/s 
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ℎ =
∆𝑃

𝜌 ∙ 𝑔
=

245 ∙ 105

451 ∙ 9´81
= 5537,586 𝑚
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𝑁𝑠 =
𝑤 ∙ √𝑄

𝐻0.75

1500 =
𝑤 ∙ √3844,85

18167,90.75

𝑤 = 37855 𝑟𝑝𝑚
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𝐷2 =
1840 ∙ 𝐾𝑢 ∙ 𝐻0,5

𝑤
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𝐾𝑢

𝐾𝑢

𝐾𝑢 

𝐷2 =
1840 ∙ 1,05 ∙ 18167,90,5

38000

𝐷2 = 6,85 𝑖𝑛𝑐ℎ𝑒𝑠 → 17,4 𝑐𝑚
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𝑏2 =
𝑄 ∙ 0,321

𝑐𝑚2 ∙ (𝐷2 ∙ 𝜋 − 𝑍 ∙ 𝑆𝜇)

𝑆𝜇

𝑐𝑚2

𝑐𝑚2 = 𝐾𝑚2 ∙ √2 ∙ 𝑔 ∙ 𝐻

𝐾𝑚2

𝐾𝑚2.
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𝐾𝑚2.

𝑐𝑚2

𝑐𝑚2 = 𝐾𝑚2 ∙ √2 ∙ 𝑔 ∙ 𝐻 = 0,1375 ∙ √2 ∙ 32,18 ∙ 18167,9

𝑐𝑚2 = 148,68  𝑓𝑡/𝑠

𝑏2 =
𝑄 ∙ 0,321

𝑐𝑚2 ∙ (𝐷2 ∙ 𝜋 − 𝑍 ∙ 𝑆𝜇)
=

3844,45 ∙ 0,321

148,68 ∙ (6,85 ∙ 𝜋 − 7 ∙ 0,5)

𝑏2 = 0,47 𝑖𝑛𝑐ℎ𝑒𝑠 → 1,2 𝑐𝑚
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𝐷1

𝐷2
= 0,45

𝐷1 = 𝐷2 ∙ 0,45 = 6,85 ∙ 0,45

𝐷1 = 3,08 𝑖𝑛𝑐ℎ𝑒𝑠 → 7,83 𝑐𝑚
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𝐷𝑒 = 3 𝑐𝑚

𝐴𝑟𝑒𝑎 𝑜𝑗𝑜 = 𝐴𝑟𝑒𝑎 𝑒𝑛 𝑒𝑙 𝑜𝑗𝑜 − 𝐴𝑟𝑒𝑎 𝑑𝑒𝑙 𝑒𝑗𝑒

𝐴𝑟𝑒𝑎 𝑜𝑗𝑜 = 𝜋 ∙ (
𝐷1

2
)

2

− 𝜋 ∙ (
𝐷𝑒

2
)

2

𝐴𝑟𝑒𝑎 𝑜𝑗𝑜 = 𝜋 ∙ (
3,08

2
)

2

− 𝜋 ∙ (
1,18

2
)

2

𝐴𝑟𝑒𝑎 𝑜𝑗𝑜 = 6,36 𝑖𝑛𝑐ℎ𝑒𝑠2 → 41,09 𝑐𝑚2
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𝑁𝑃𝑆𝐻𝐷 ≥ 𝑁𝑃𝑆𝐻𝑅

𝑁𝑃𝑆𝐻𝐷

𝑁𝑃𝑆𝐻𝐷 =
𝑃0

𝛾
+ 𝑧 +

𝑃𝑣

𝛾

log10 𝑃𝑣𝑎𝑝 = 𝐴 −
𝐵

𝑇 + 𝐶

log10 𝑃𝑣𝑎𝑝 = 3,76 −
395,74

(−161) + 266,681
= 1,036 𝑏𝑎𝑟 → 103600 𝑃𝑎
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𝑁𝑃𝑆𝐻𝐷

𝑁𝑃𝑆𝐻𝐷 =
5 ∙ 105

451 ∙ 9,81
+ 20 −

103600

451 ∙ 9,81
= 109,56 𝑚 → 342,85 𝑓𝑡

𝑁𝑃𝑆𝐻𝐷 𝑁𝑃𝑆𝐻𝑅

𝑁𝑃𝑆𝐻𝑅 = 𝑘1 ∙
𝑐𝑚1

2

2 ∙ 𝑔
+ 𝑘2 ∙

𝑤1
2

2 ∙ 𝑔

𝑐𝑚1 𝑤1

𝑘1 𝑘2

𝑐𝑚1 =  
𝑄 ∙ 0,321

𝐴𝑟𝑒𝑎 𝑜𝑗𝑜
=

3844,85 ∙ 0,321

6,369
= 193,78 𝑓𝑡/𝑠

𝑈𝑇

𝑈𝑇 =  
𝐷1 ∙ 𝑤

229
=

3,08 ∙ 38000

229
= 511,09 𝑓𝑡/𝑠

𝑤1 = √𝑐𝑚1
2 + 𝑈𝑇

2 = 546,59 𝑓𝑡/𝑠
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𝑘1 𝑘2

𝑘1

𝐴

𝐵
=

48,17

41,09
= 1,17

𝑘1

𝑘1

𝑘2

tan 𝜃 =
𝑐𝑚

𝑈𝑇
=

193,78

511,09
= 0,38

𝜃

𝑘2 α 

𝜃

𝛼 = 𝛽 − 𝜃 = 27 − 21,8 = 5,2º
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𝑘2

 

𝑁𝑃𝑆𝐻𝑅

𝑁𝑃𝑆𝐻𝑅 = 𝑘1 ∙
𝑐𝑚1

2

2 ∙ 𝑔
+ 𝑘2 ∙

𝑤1
2

2 ∙ 𝑔
= 1,2 ∙

193,782

2 ∙ 32,18
+ 0,3 ∙

546,592

2 ∙ 32,18

𝑁𝑃𝑆𝐻𝑅 = 2091,44 𝑓𝑡

𝑁𝑃𝑆𝐻𝑅 𝑁𝑃𝑆𝐻𝐷 (342,85 𝑓𝑡)
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𝑁𝑃𝑆𝐻𝐷 < 𝑁𝑃𝑆𝐻𝑅

𝑁𝑃𝑆𝐻𝑖𝑛𝑑 = 𝑁𝑃𝑆𝐻𝑅 − 𝑁𝑃𝑆𝐻𝐷 = 2091,44 − 342,85 = 1748,59 𝑓𝑡 ~1800 𝑓𝑡

𝑁𝑠𝑠 =
𝑤 ∙ √𝑄

𝑁𝑃𝑆𝐻𝑅
0.75 =

38000 ∙ √3844,85

18000.75
= 8526,46
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𝑢𝑡 = √
𝐻𝑖𝑛𝑑 ∙ 𝑔

𝜑𝑖𝑛𝑑

𝜑𝑖𝑛𝑑

𝜑𝑖𝑛𝑑 = 0,10

𝑢𝑡 = √
𝐻𝑖𝑛𝑑 ∙ 𝑔

𝜑𝑖𝑛𝑑
= √

1800 ∙ 32,18

0,10
= 761,08 𝑓𝑡/𝑠
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𝑑𝑡 =
720

𝑁 ∙ 𝜋
∙ 𝑢𝑡 =

720

38000 ∙ 𝜋
∙ 761,08 = 4,6 𝑖𝑛𝑐ℎ𝑒𝑠 → 11,68 𝑐𝑚

 

𝐿𝑖

𝑑𝑡
= 0,6 → 𝐿𝑖 = 0,6 ∙ 4,6 → 𝐿𝑖 = 2,76 𝑖𝑛𝑐ℎ𝑒𝑠 → 7 𝑐𝑚 

 

𝑑𝑜𝑡 𝑑1𝑡

𝑑𝑜𝑡 = 𝑑𝑡 + 2 ∙
𝐿𝑖

2
∙ tan 𝛾

𝑑1𝑡 = 𝑑𝑡 − 2 ∙
𝐿𝑖

2
∙ tan 𝛾

𝛾 

𝛾 = 7,5°

𝑑𝑜𝑡 = 4,6 + 2 ∙
2,76

2
∙ tan 7,5 = 5,1 𝑖𝑛𝑐ℎ𝑒𝑠 → 12,44 𝑐𝑚

𝑑1𝑡 = 4,6 − 2 ∙
2,76

2
∙ tan 7,5 = 4,1 𝑖𝑛𝑐ℎ𝑒𝑠 → 10,42 𝑐𝑚
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𝑑ℎ = 𝑑𝑡 ∙ 𝑟𝑑 = 4,6 ∙ 0,35 = 1,61 𝑖𝑛𝑐ℎ𝑒𝑠 → 4,1 𝑐𝑚

 

 

𝑑𝑜ℎ = 𝑑ℎ + 2 ∙
𝐿𝑖

2
∙ tan 𝛾′

𝑑1ℎ = 𝑑ℎ − 2 ∙
𝐿𝑖

2
∙ tan 𝛾′

𝛾′ 

𝛾′ = 7,5°

𝑑𝑜ℎ = 1,61 − 2 ∙
2,76

2
∙ tan 7,5 = 1,12 𝑖𝑛𝑐ℎ𝑒𝑠 → 2,83 𝑐𝑚

𝑑1ℎ = 1,61 + 2 ∙
2,76

2
∙ tan 7,5 = 2,11 𝑖𝑛𝑐ℎ𝑒𝑠 → 5,34 𝑐𝑚
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𝑐𝑜 =
𝑄

3,12 ∙
𝜋
4 ∙ (𝑑𝑜𝑡

2 − 𝑑𝑜ℎ
2 )

=
3844,85

3,12 ∙
𝜋
4 ∙ (5,12 − 1,122)

= 63,5 𝑓𝑡/𝑠
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𝑐𝑚1 =
𝑄

3,12 ∙
𝜋
4 ∙ (𝑑1𝑡

2 − 𝑑1ℎ
2 )

=
3844,85

3,12 ∙
𝜋
4 ∙ (4,12 − 2,112)

= 126,97 𝑓𝑡/𝑠

𝑑𝑜 = √
𝑑𝑜𝑡

2 + 𝑑𝑜ℎ
2

2
= √

5,12 + 1,122

2
= 3,69 𝑖𝑛𝑐ℎ𝑒𝑠 → 9,37 𝑐𝑚

𝑢0 =
𝜋 ∙ 𝑁

720
∙ 𝑑𝑜 =

𝜋 ∙ 38000

720
∙ 3,69 = 611,82 𝑓𝑡/𝑠

𝑑1 = √
𝑑1𝑡

2 + 𝑑1ℎ
2

2
= √

4,12 + 2,112

2
= 3,26 𝑖𝑛𝑐ℎ𝑒𝑠 → 8,28 𝑐𝑚

𝑢1 =
𝜋 ∙ 𝑁

720
∙ 𝑑1 =

𝜋 ∙ 38000

720
∙ 3,26 = 540,53 𝑓𝑡/𝑠

𝑐𝑢1
′ = 𝐻𝑖𝑛𝑑 ∙

𝑔

𝑢1
= 1800 ∙

32,18

540,53
= 107,16 𝑓𝑡/𝑠
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𝑣0
′ = √𝑐𝑚𝑜

2 + 𝑢0
2 = √63,52 + 611,822 = 615,10 𝑓𝑡/𝑠

𝛽0
′

sin 𝛽0
′ =

𝑐𝑚𝑜

𝑣0
′ =

63,5

615,10
= 0,103 → 𝛽0

′ = 5,9°

𝛼1
′

𝑐1
′ = √𝑐𝑢1

′ + 𝑐𝑚1
2 = √107,162 + 126,972 = 166,14 𝑓𝑡/𝑠

𝛼1
′

tan 𝛼1
′ =

𝑐𝑚1

𝑐𝑢1
′ =

126,97

107,16
= 1,18 → 𝛼1

′ = 5,9°

𝛽1
′

𝑣1
′

𝑣1
′ = √(𝑢1 − 𝑐𝑢1

′ )2 + 𝑐𝑚1
2 = √(540,53 − 107,16)2 + 126,972 = 451,58 𝑓𝑡/𝑠

𝛽1
′

tan 𝛽1
′ =

𝑐𝑚1

𝑢1 − 𝑐𝑢1
′ =

126,97

540,53 − 107,16
= 0,292 → 𝛽1

′ = 16,33°



     
 

44 
    

 

 

∅𝑖𝑛𝑑

∅𝑖𝑛𝑑

𝜃𝑜𝑡

𝜃𝑜𝑡 = 10°

𝑢𝑜𝑡

𝛽𝑜𝑡
′

𝑢𝑜𝑡 =
𝜋 ∙ 𝑁

720
∙ 𝑑𝑜𝑡 =

𝜋 ∙ 38000

720
∙ 5,1 = 845,61 𝑓𝑡/𝑠

tan 𝛽𝑜𝑡
′ =

𝑐𝑚0

𝑢𝑜𝑡
=

63,5

845,61
= 0,075 → 𝛽𝑜𝑡

′ = 4,3°

𝜃𝑜𝑡 𝛽𝑜𝑡
′

𝑖 = 𝜃𝑜𝑡 − 𝛽𝑜𝑡
′ = 10° − 4,3° = 5,7°

∅𝑖𝑛𝑑

∅𝑖𝑛𝑑 =
𝑐𝑚0

𝑢𝑜𝑡
=

63,5

845,61
= 0,075
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𝐴8 =
0,04 ∙ 𝑄

𝑘3 ∙ 𝐻0,5

𝑘3

𝑘3

𝐴8 =
0,04 ∙ 𝑄

𝑘3 ∙ 𝐻0,5
=

0,04 ∙ 3844,85

0,375 ∙ 18167,90,5
= 3,04 𝑠𝑞 𝑖𝑛𝑐ℎ → 19,61 𝑐𝑚2 
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𝑐3 = 𝑘3 ∙ √2 ∙ 𝑔 ∙ 𝐻 = 0,375 ∙ √2 ∙ 32,18 ∙ 18167,9 = 410,5 𝑓𝑡/𝑠

𝜃

𝑎𝜃 =
𝜃 ∙ 𝑄

3,12 ∙ 360 ∙ 𝑐3
=

𝜃 ∙ 3844,85

3,12 ∙ 360 ∙ 410,5
= 0,0084 ∙ 𝜃

≅

α α
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α

tan 𝛼𝑣 =
𝑐𝑚2

𝑐𝑈2′

𝑐𝑚2 = 148,68 𝑓𝑡/𝑠

𝑐𝑈2′

𝑐𝑈2′ =
𝑔 ∙ 𝐻 + 𝑢1 ∙ 𝑐𝑈1′

𝑢2

𝑢2

𝑢2 = √
𝑔 ∙ 𝐻

𝜑
= √

32,18 ∙ 18167,9

0,4
= 1208,69 𝑓𝑡/𝑠
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𝜑

𝜑

𝑢1 𝑐𝑈1′

𝑢1 = 540,53 𝑓𝑡/𝑠

𝑐𝑈1′ = 107,16 𝑓𝑡/𝑠

𝑐𝑈2′ =
𝑔 ∙ 𝐻 + 𝑢1 ∙ 𝑐𝑈1′

𝑢2
=

32.18 ∙ 18167,9 + 540,53 ∙ 107,16

1208,69
= 531,62𝑓𝑡/𝑠

α

tan 𝛼𝑣 =
𝑐𝑚2

𝑐𝑈2′
=

148,68

531,62
= 0,279 → 𝛼𝑣 = 15,6°

α

𝜃 = 𝛼𝑣

𝐴𝛼𝑣 = 0,0084 ∙ 𝜃 = 0,0084 ∙ 15,6 = 0,13 𝑠𝑞 𝑖𝑛𝑐ℎ → 0,85 𝑐𝑚2
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𝑏3 = 𝑏2 ∙ 1,75 = 0,47 ∙ 1,75 = 0,83 𝑖𝑛𝑐ℎ → 2,11 𝑐𝑚

 

𝐷𝑐𝑢𝑡𝑤𝑎𝑡𝑒𝑟 = 𝐷2 ∙ 1,07 = 6,85 ∙ 1,07 = 7,33 𝑖𝑛𝑐ℎ → 18,62 𝑐𝑚
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9,986 ∙ 10−5 Pa ∙ s 
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