
Problema y sistema

DATOS

≔P1 =1 atm ⎛⎝ ⋅1.013 105 ⎞⎠ Pa ≔P2 =P1
⎛⎝ ⋅1.013 105 ⎞⎠ Pa ≔Qm 1.97 ―

kg
s

≔Dnom 1.25 in

≔z1 1.5 m ≔z2 =-3 m 0.5 m 2.5 m ≔δ1 1250 ――
kg

m3
≔δ2 1175 ――

kg

m3
≔Long1 =+1 m 2 m 3 m

≔ΔP =100 kPa ⎛⎝ ⋅1 105 ⎞⎠ Pa ≔Long2 =+++1 m 3 m 3 m 0.5 m 7.5 m

≔v1 0 ―
m
s

≔v2 =――――
⋅4 Qm

⋅⋅π D2 δ2
1.737 ―

m
s ≔Qv1 =――

Qm

δ1
⎛⎝ ⋅1.58 10-3⎞⎠ ――

m3

s
≔Qv2 =――

Qm

δ2
⎛⎝ ⋅1.68 10-3⎞⎠ ――

m3

s



Incógnitas

Potbomb

Ecuaciones

≔v ⎛⎝ ,,Qm D δ⎞⎠ ―――
⋅4 Qm

⋅⋅π D2 δ

≔GRey ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ ⋅―――――――――
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Irrever por trayectoria

≔eLp ⎛⎝ ,,,,,Kcoef D Qm δ nindice Long⎞⎠ ⋅⋅fD ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ ――
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Irrever por entrada



≔KLcon 0.5
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Irrever por válvula de 
regulación
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≔eLvalpl ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ ⋅⋅FtRL ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ KLvalpl ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ ――――

⎛
⎜
⎝
―――

⋅4 Qm

⋅⋅π D2 δ

⎞
⎟
⎠

2

2

Irrever por equipo

≔eLSTHE (( ,ΔP δ)) ――
ΔP
δ

Irrever por accesorio, codos 
90°

≔KL ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ ⋅30 fD ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠
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DESARROLLO 

INCISO A

≔nindice 0.45

≔Kcoef =⋅5.2 Pa s0.45 5.2 ―――
kg

⋅m s
――
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=GReycrit ⎛⎝nindice⎞⎠ ⋅2.394 103

Tramo 1 Tramo 2

=GRey ⎛⎝ ,,,,Kcoef D Qm δ1 nindice⎞⎠ 316.834 =GRey ⎛⎝ ,,,,Kcoef D Qm δ2 nindice⎞⎠ 327.802

=fD ⎛⎝ ,,,,Kcoef D Qm δ1 nindice⎞⎠ 0.202 =fD ⎛⎝ ,,,,Kcoef D Qm δ2 nindice⎞⎠ 0.195



=fD ⎛⎝ ,,,,Kcoef D Qm δ1 nindice⎞⎠ 0.202 =fD ⎛⎝ ,,,,Kcoef D Qm δ2 nindice⎞⎠ 0.195
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Cálculo de irreversibilidades

Tramo 1

≔e1 =
eLp ⎛⎝ ,,,,,Kcoef D Qm δ1 nindice Long1⎞⎠
eLvalpl ⎛⎝ ,,,,Kcoef D Qm δ1 nindice⎞⎠
eLcon ⎛⎝ ,,,,Kcoef D Qm δ1 nindice⎞⎠

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦
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1.275
1.052
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⎢
⎢
⎣

⎤
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⎥
⎦
――
m2

s2

≔eL1 =∑
=j 0

2

e1
j

25.385 ――
m2

s2

Tramo 2

≔e2 =
eLp ⎛⎝ ,,,,,Kcoef D Qm δ2 nindice Long2⎞⎠

eLSTHE ⎛⎝ ,ΔP δ2⎞⎠
⋅2 eLacc ⎛⎝ ,,,,Kcoef D Qm δ2 nindice⎞⎠

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦
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85.106
26.97

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦
――
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s2

≔eL2 =∑
=j 0

2

e2
j

175.13 ――
m2

s2
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≔ws 1 ――
m2

s2

＝+DP ws +eL2 eL1

≔ws =find ⎛⎝ws⎞⎠ 220.788 ――
m2

s2
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≔ws 1 ――
m2

s2

＝+DP ws +eL2 eL1

≔ws =find ⎛⎝ws⎞⎠ 220.788 ――
m2

s2

≔Potbomb =⋅ws Qm 0.435 kW

≔Hs =―
ws

g
22.514 m

INCISO b

≔nindice 0.45

≔Kcoef =⋅0.25 Pa s0.45 0.25 ―――
kg

⋅m s
――
31

20

=GReycrit ⎛⎝nindice⎞⎠ ⋅2.394 103

Tramo 1 Tramo 2

=GRey ⎛⎝ ,,,,Kcoef D Qm δ1 nindice⎞⎠ ⋅6.59 103 =GRey ⎛⎝ ,,,,Kcoef D Qm δ2 nindice⎞⎠ ⋅6.818 103

=fD ⎛⎝ ,,,,Kcoef D Qm δ1 nindice⎞⎠ 0.01 =fD ⎛⎝ ,,,,Kcoef D Qm δ2 nindice⎞⎠ 0.009
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≔ff1 =find ⎛⎝ff⎞⎠ ⋅5.2 10-3

≔fD1 =⋅4 ff1 0.02079
≔fD2 =⋅4 ff2 0.02055

≔eLp1 ⎛⎝ ,,,,,Kcoef D Qm δ nindice Long⎞⎠ ⋅⋅fD1 ――
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≔eLp2 ⎛⎝ ,,,,,Kcoef D Qm δ nindice Long⎞⎠ ⋅⋅fD2 ――
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Irrever por entrada

≔KLcon 0.5

≔eLcon ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ ⋅⋅FtRL ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ KLcon ――――

⎛
⎜
⎝
―――
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⎟
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Irrever por válvula de 
regulación

≔KLvalpl ⋅3 fD1

≔eLvalpl ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ ⋅⋅FtRL ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ KLvalpl ――――

⎛
⎜
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―――
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⎞
⎟
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Irrever por equipo

≔eLSTHE (( ,ΔP δ)) ――
ΔP
δ

Irrever por accesorio, codos 
90°



Irrever por accesorio, codos 
90°

≔KL ⋅30 fD2

≔eLacc ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ ⋅⋅FtRL ⎛⎝ ,,,,Kcoef D Qm δ nindice⎞⎠ KL ――――
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Cálculo de irreversibilidades

Tramo 1

≔e1 =
eLp1 ⎛⎝ ,,,,,Kcoef D Qm δ1 nindice Long1⎞⎠

eLvalpl ⎛⎝ ,,,,Kcoef D Qm δ1 nindice⎞⎠
eLcon ⎛⎝ ,,,,Kcoef D Qm δ1 nindice⎞⎠

⎡
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⎥⎦
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Tramo 2

≔e2 =
eLp2 ⎛⎝ ,,,,,Kcoef D Qm δ2 nindice Long2⎞⎠

eLSTHE ⎛⎝ ,ΔP δ2⎞⎠
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≔ws =find ⎛⎝ws⎞⎠ 113.218 ――
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m2

s2

＝+DP ws +eL2 eL1

≔ws =find ⎛⎝ws⎞⎠ 113.218 ――
m2

s2

≔Potbomb =⋅ws Qm 0.223 kW

≔Hs =―
ws

g
11.545 m


