




 
  
634.907 Ramírez Luna, José Javier 
R52        Captación de agua de lluvia y uso eficiente del agua para la producción agropecuaria / 

José Javier Ramírez Luna, Héctor Gregorio Cortés Torres, Alfredo Gómez Garzón; editora, 
Marcia Adriana Yáñez Kernke. --  Jiutepec, Mor. : Instituto Mexicano de Tecnología del 
Agua, ©2016. 
248 p.  
 
ISBN 978-607-9368-46-3 (obra impresa) 
          978-607-9368-47-0 (obra digital) 
 
1. Conservación de recursos hídricos  2. Captación de precipitaciones  3. Energía no 
convencional  4. Hidrología 
 

 
 
 
 
 
 
 
 

 
Autores: 
José Javier Ramírez Luna  
Héctor Gregorio Cortés Torres  
Alfredo Gómez Garzón  
 
Editora: 
Marcia Adriana Yáñez Kernke 
 
Responsable de la edición: 
Rebeca Tavira Gerardo 
 
Coordinación Editorial:  
Fátima Sánchez Bonilla 
 
Primera edición: 2015 

 
D.R. © Instituto Mexicano de Tecnología del Agua 

Paseo Cuauhnáhuac 8532 
62550 Progreso, Jiutepec, Morelos 
México 
www.imta.gob.mx 
 
 

ISBN 978-607-9368-46-3 (obra impresa) 
          978-607-9368-47-0 (obra digital) 
 
Prohibida su reproducción parcial o total, por cualquier medio, mecánico, electrónico, de 
fotocopias, térmico u otros, sin permiso de los editores. 
 
 
Impreso en México – Printed in Mexico 



















 ........................................................................ 20 

 .................................................. 23 

 ........................................................... 24 

 .............................. 26 

 ................... 30 

............ 32 

 ........................... 33 

 ... 40 

 ....................................................................................................................... 41 

 .......................................... 42 

 ....... 45 

 ................................ 68 

 69 

 ................................................................ 72 

 ............................................................. 72 

 .............................................................. 73 

 .................................................................... 73 

 ............................. 73 

 ..................... 74 

 ................................. 75 

 ..................... 76 

 ................................. 76 

 .................................................... 77 

 .......................................................................... 77 

 78 

................................................................................................ 82 



 ....................... 87 

 ............................................................................................................ 92 

 ....................................................................................................................... 93 

 ........................................................................... 93 

 ............................................................................ 94 

 .......... 94 

 ........... 96 

 ............ 96 

 .............................................. 97 

 ..................... 97 

 ....... 97 

 ....................................................................... 98 

 ..................................................................................................................... 100 

 .......................................................................................... 101 

 ..................................................................................................................... 102 

 ............ 103 

 ...................................................................................................... 104 

 .......................................................................................................... 105 

 ...................................................................... 105 



 ................................. 106 

 ................................... 109 

 ................................................. 110 

 ................................................................... 111 

 ...................................................................... 115 

 .................... 115 

 ......... 116 

 ......................... 117 

 ..................................................... 118 

 ....................................................................................................... 119 

 ............. 121 

 ........................... 122 

 ....................................................... 122 

 ............................... 124 

 ........................ 124 

 .................................. 125 

 ........................... 127 

 ... 127 

 .................. 129 

 .................................................. 129 

 .. 131 

 ..................... 131 

 ........................... 133 

 .......................... 133 

 ..................................................................... 133 

 ............................................... 134 



 ......................................... 137 

 ............................................ 138 

 .............................................. 139 

 .................... 140 

 ......................................... 141 

 ............................................ 143 

 ............................ 144 

 ............................. 145 

 ......... 146 

 ....................................... 146 

 .... 149 

 ................................................................................. 150 

 .................................................... 151 

 .............................................................. 151 

 ............................ 153 

 ...................................................... 154 

 ............................................................................. 156 

 ........................................................................................... 157 

 .................................. 158 

 ............................................................................. 159 

 ..................... 160 

 ...................................................... 166 

 ............................ 175 

 ............................. 181 

 .......................... 197 

 ......................................................................... 198 

 ...................................... 199 



 ...................................................... 203 

 205 

 ............................................. 208 

 ............................................ 209 

 .......................... 214 

 .............................. 220 

 .......................................................................................................... 223 

 ...................................... 223 

 .................................................................................................. 224 

 ................................ 232 

 ............................................................................................................ 233 



 ................... 27 

 .......................... 27 

 .............................. 28 

 ................. 31 

 ..... 37 

 ....................................................................................................................... 37 

 44 

 .................. 46 

 ....................................................................................................................... 48 

 ....................................................................................................................... 51 

 ............................................................................................................ 51 

 ......... 52 

 ............... 57 

 ......... 57 

 ................. 58 

 ..................................................................................................... 59 

 . 60 

 ....................................................................................................................... 61 

 .......................................................................................................... 62 

 ........ 62 

 ................. 63 

 ...................... 63 

 ............................................. 64 



 ............................................................................................... 70 

 ................................................................. 80 

 ..... 84 

 ................................... 85 

 ........................... 85 

 .................................................. 86 

 .......... 88 

 ......................................................................... 89 

.......................................................... 90 

...................................................................................................... 98 

 ..................................................................................................... 99 

 .................................. 153 

 ....... 159 

 ................................... 165 

𝐑𝐚  ...................... 167 

 ...................................................................... 169 

 .......................................................................................... 170 

 .......................................................................................... 171 

 ...................................................................... 172 

 ......................... 172 

 .............. 173 



 .................................................. 174 

 .......... 176 

 ..................................................................................................................... 178 

 ................ 179 

 .... 180 

𝑪𝑯  .............. 185 

186 

 .......................... 186 

 ................................................ 199 

 ............................................................................ 200 

 ............................................. 201 

 ............................................................................ 201 

 ......................................... 202 

 ............................................................................ 202 

 . 206 

 .................................................................................................. 213 

 ................... 216 

 ...................... 217 

 ......................................................................... 225 

 ......................................................................................................... 234 

 

 





Área de la 
cuenca 

Parteaguas 

Corrientes 
tributarias 

Cauce principal 
Salida de la 
cuenca 





Usualmente el área se reporta en 
kilómetros cuadrados, aunque en cuencas pequeñas se puede expresar en 

hectáreas.

 

 

 



𝐷𝐴 = 𝐻𝑀 − 𝐻𝑚



𝑅𝑓 = 𝐴𝑐/𝐿𝑐2
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Relación entre la morfología de la cuenca y el caudal 
para eventos de precipitación.  



𝐶𝑐 = 𝐴/𝐴𝑐 = 4𝜋(𝐴𝑐/𝑃2 ) = 12.566 (𝐴 ⁄ 𝑃2 )

𝐾𝑐 = 𝑃/𝑃𝑐

𝑃𝑐 = 2(𝜋 𝐴)1/2

𝐾𝑐 = 𝑃/𝑃𝑐 = 𝑃/(2(𝜋 𝐴)1/2) = 0.282 (𝑃/𝐴1/2) 





𝑅𝑏 = 𝑁𝑢/𝑁𝑢 + 1



𝐿û =  ∑ 𝑙𝑖, 𝑢/𝑁𝑢
𝑛

𝑖=1

𝐷𝑑 = 𝐿/𝐴𝑐 



𝑆𝑐 = 𝐷 ∗ 𝐿/𝐴 

𝐸𝑚 =  
∑ 𝐴𝑖∗ 𝑒𝑖

𝑛
1=1

𝐴𝑡
 

𝑆 = 𝐻/𝐿 



 

 

 





𝑇𝑐 = 0.000325 𝐿0.77/𝑆0.385
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𝑃 = 𝐸𝑇 + 𝐸𝑠𝑐 + 𝐼𝑛𝑡 + 𝐼𝑛𝑓



𝐸𝑠𝑐 = 𝑃 − 𝐸𝑇 − 𝐼𝑛𝑡 − 𝐼𝑛𝑓 



𝑉𝑚 = 𝐶𝑒 𝑃𝑚 𝐴

 

 

 



𝐶𝑒 =  
𝐾 × (𝑃 − 250)

2000

𝐶𝑒 =  
𝐾 × (𝑃 − 250)

2000
+

(𝐾 − 0.15)

1.5





𝐾 =  
𝐾1𝐴1 + 𝐾2𝐴2 + ⋯ + 𝐾𝑛𝐴𝑛

∑ 𝐴

𝐶𝑒 =  
𝐶1𝐴1 + 𝐶2𝐴2 + ⋯ + 𝐶𝑛𝐴𝑛

∑ 𝐴

∑ 𝐴



 

 

 

 

 

𝐿𝐴𝑀 =
∑ 𝑃𝑖

12
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𝑃 =  
𝑚

(𝑛 +  1)

𝐹 =  
𝑛

𝑚

 

 

 





𝑉𝑚 = 𝐶𝑒𝑃𝐴 = (0.36)(950)(0.50) = 171,000 𝑚3



𝑄 = 0.0028 𝐶𝑖𝐴

 

 

 

 



 

 

 





𝐶 = (
9.2

40
) =  0.23

𝑄 = 0.0028 𝐶 𝑖 𝐴

Q = (0.0028) (0.23) (150) (40) = 3.864 m3/s 

𝑄 = 0.0028 𝐶 𝑖 𝐴 = (0.0028) (0.85) (130) (0.329) = 0.10179 m3/s 



 

 

 

 

𝑇𝑐 =   0.195 
𝐿0.77

S0.385



S = h / L = 400/2500 = 0.16 m/m, luego entonces:  

Tc = (0.0195) (2500(0.77)) / (0.16(0.385)) = (0,0195) [(413.4412) /0.4938)]  

Tc = 16.3 min 

𝑄 = 0.0028 𝐶 𝐿 𝐴



𝑄 =
(P − 0.2 S)²

P + 0.8S

𝑆 =
25400

CN
− 254











𝐶𝑁(𝐼) =
4.2 CN(II)

10 − 0.058 CN (II)

𝐶𝑁(𝐼𝐼𝐼) =
23 CN(II)

10 + 0.13 CN (II)





𝑄 =
(36.718)(2 000)(10 000)

1 000
 =   734  351.6 𝑚³



 

 







)  





v = (1/n) r2/3 s1/2 



r = A/p 
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Trampa de sedimentos 

Salida al depósito 











 

 

 

 

 

 

 

 



Días después de la siembra 



 No toda la lluvia precipitada es 
aprovechada por los cultivos. El agua que se percola a lo profundo, la que se pierde 
por escorrentía y la que se evapora, no puede ser usada por el cultivo, no es lluvia 
efectiva. A la porción restante, almacenada en el suelo en la zona de raíces, se le 
denomina precipitación efectiva. 

Pmc =  0.9Ev0.75

Pe =  Pt –  0.05P𝑡2

Pe =  1.27 Pt0.75 –  0.806Pt1.5

𝑃𝑒 = 𝑓(𝐻𝑇𝐴)[1.25𝑃0.824 − 2.93]100.000955 𝐸𝑇𝑝

  f(HTA) = 0.53 + 0.116 HTA – 8.94 X10-5 HTA2 + 2.32 X 10-7 HTA3 



NRC  =   NH −  Pe
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𝐴 =
𝐵 ∗ 𝐻

2

𝑉 = A ∗ L =  
0.75∗0.25

2

𝑃 =
𝑉

A



 

 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

𝐼𝑉 =  
(2+𝑃)

3 ó 4
∗ 0.305

𝐼𝐻 =  
𝐼𝑉

𝑃
∗ 100



 

 

 

 



 

 

 

 





 

 
Dimensiónes de una zanja trinchera 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
Diseño en campo de distribución de zanjas trinchera 

 



 

 

 



 

 

 



 



 

 

 

 

 

 

 



 



 

 

 

 

 

 

 

 

 

http://www.permaculture.biz/
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𝑅𝑟𝑛 = 𝐸𝑇𝑟 − 𝑃𝑒 − 𝐴𝑚 

𝑅𝑟𝑛 = 𝑚𝑚 𝐸𝑇𝑟 =
𝑚𝑚 𝑃𝑒 = 𝑚𝑚 𝐴𝑚 =
𝑚𝑚

𝑅𝑟𝑏 =
𝑅𝑟𝑛

(1 − 𝐹𝐿)𝐸𝑔

𝐹𝐿 = 𝐸𝑔 =

𝐹𝐿 =
𝐸𝐶𝑊

2𝐸𝐶𝑒

𝐸𝐶𝑊  =

𝐸𝐶𝑒 =

𝑅𝑟 = 𝐸𝑇𝑟

𝑅𝑟𝑏 = 𝑅𝑟𝑛/𝐸𝑔

𝐸𝑇𝑟





 

 

 

 

 

 



 

 

 

𝐸𝑇𝑜 = 𝐶𝐸𝑣

𝐸𝑇𝑜 = 𝐸𝑣 =
𝐶 =



𝐸𝑇𝑂 = 0.0135(𝑇 + 17.78)𝑅𝑠

𝐸𝑇𝑂 𝑇
𝑅𝑠

𝑅𝑎 𝑅0



𝐑𝐚



𝑅𝑠 = 𝑅𝑎 ∗ 𝐾𝑇 ∗ (𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛)0.5

𝑅𝑎 =
24 ∗ 60

𝜋
𝐺𝑠𝑐𝑑𝑟[𝜔𝑠𝑠𝑖𝑛𝜑𝑠𝑖𝑛𝛿 + 𝑐𝑜𝑠𝜑𝑐𝑜𝑠𝛿𝑠𝑖𝑛𝜔]

𝐾𝑇

𝐸𝑇𝑂

𝐸𝑇𝑂 = 0.0135 ∗ 𝐾𝑇 ∗ (𝑇 + 17.78) ∗ 𝑅𝑎 ∗ (𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛)0.5

𝑅𝑎 𝑚𝑚/𝑑𝑖𝑎

𝐸𝑇𝑟 = 𝐾𝐺𝐹

𝐸𝑇𝑟 𝐾𝐺

𝐹

𝐹 = ∑ 𝑓𝑖

𝑛

𝑖=1

𝐾𝐺

𝐹

𝑓𝑖 = 𝑃𝑖 (
𝑇𝑖 + 17.8

21.8
)

𝑛 𝑓𝑖

𝑇𝑖

𝑃𝑖



𝑅𝑟𝑖 = 𝐾𝑐𝑖𝑓𝑖

𝐸𝑟𝑖 𝐾𝑐𝑖

𝑓𝑖 𝑇𝑖 𝑃𝑖

𝑓

𝐾𝑡 = 0.031144 ∗ 𝑇𝑖 + 0.2396

𝑇

𝐾𝑐 𝐾𝐺

𝐾′ =
∑𝐸𝑡𝑖

∑𝑓𝑖

𝐽 =
𝐾𝐺

𝐾′

𝐸𝑇′ = 𝐽𝐸𝑡



f
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2

80.075.0 







𝑃𝑒 = 𝐶𝑝 ∗ 𝑃

𝑃 = 𝐶𝑝 =

𝐸𝑇𝑟

𝑝

1.53+0.8∗
𝐸𝑡𝑟

𝑝

𝑃 ≤ 250 𝑚𝑚

𝑃𝑒 =
𝑃(125 − 0.2𝑃)

125

𝑃 > 250 𝑚𝑚



𝑃𝑒 = 125 + 0.1𝑃

𝐾𝑐

𝑲𝒄
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𝑇𝑚𝑒𝑑𝑖𝑎 = 18.9 °𝐶 

𝑃

𝑓𝑖 = 𝑃 (
𝑇 + 17.8

21.8
) = 7.73 (

18.9 + 17.8

21.8
) = 13 𝑐𝑚 

𝐾𝑡 = 0.031144 ∗ 𝑇𝑖 + 0.2396 = 0.031144(18.9) + 0.2396 = 0.83 

𝑓

𝑓𝐾𝑡 = (13)(0.83) = 10.77 𝑐𝑚

𝐸𝑇𝑟 = 𝑓𝐾𝑡𝐾𝑐 = (10.77)(0.36) = 3.88 𝑐𝑚

𝐾′ =
∑𝐸𝑡𝑖

∑𝑓𝑖
=

56.01

62.03
= 0.903

𝐾𝐺 = 0.85

𝐽 =
𝐾𝐺

𝐾′
=

0.85

0.903
= 0.941

𝐸𝑇𝑟𝐽 = (3.88)(0.941) = 3.65 𝑐𝑚

𝑃𝐷𝐼𝐶 = 5.30 𝑚𝑚

𝑃 ≤ 250 𝑚𝑚

𝑃𝑒 =
𝑃(125 − 0.2𝑃)

125
=

5.30[125 − 0.2(5.30)]

125
= 5.26 𝑚𝑚

𝑅𝐿 = 0

𝑅𝑟 = 𝐸𝑇𝑟 + 𝑅𝐿 − 𝑃𝑒 = 3.65 + 0 − 0.526 = 3.12 𝑐𝑚

K′
f



𝑻 + 𝟏𝟕. 𝟖

𝟐𝟏. 𝟖

f P (
T+17.8

21.8
)

KT f

𝑃 =
𝑃1𝑆1 + 𝑃2𝑆2

𝑆𝑟

𝑃 = 𝑆𝑟 = 𝑆1 = 
𝑃1 = 100 % 𝑆2 =

𝑆𝑟 − 𝑆1 𝑃2 = 𝑆2



𝑃

𝑃 =
100𝑛𝑆𝑒𝑆𝑤

𝑆𝑡𝑆𝑟

𝑛 𝑆𝑒

𝑆𝑤

 𝑃 = 100%

𝑆𝑡 =

𝑆𝑟 =



𝐿𝑚 =
(𝐶𝐶 − 𝑃𝑀𝑃)

100
(1 − 𝑃𝐶)𝐷𝑎𝑍 (

𝑃

100
) 

𝐿𝑚 = 𝐶𝐶 =

𝑃𝑀𝑃 = 𝑃𝐶 =

𝐷𝑎 =
𝑍 = 𝑃

𝒈/𝒄𝒎𝟑

𝜽𝑪𝑪

𝒄𝒎𝟑/𝒄𝒎𝟑

𝜽𝑷𝑴𝑷

𝒄𝒎𝟑/𝒄𝒎𝟑

𝜽𝑺

𝒄𝒎𝟑/𝒄𝒎𝟑

𝑯𝑷𝑺

𝒄𝒎

𝑲𝒔

𝒄𝒎/

𝒉𝒓



𝑍 = 𝑘𝑃𝑟

𝑘 =

𝑃𝑟 = 𝑐𝑚



𝐼 =
𝐿𝑚𝑎𝑥

𝐸𝑇𝑟
 

𝐿 =

𝐸𝑇𝑟 =



𝐼 =
𝐿𝑚𝑎𝑥

𝑅𝑟𝑏
 

𝐿 =

𝑅𝑟𝑏 =

𝑡𝑟 =
𝐿𝑟 ∗ 𝑆𝑔 ∗ 𝑆𝐿

𝑞

𝑡𝑟 =

𝐿𝑟 = 

𝑆𝑔 =

𝑆𝐿 =

𝑞 =

𝐿𝑟 = 𝑅𝑟𝑚𝑎𝑥

𝐿𝑟 = 𝐿𝑚

𝑁 ≤  
ℎ ∗ 𝐼

𝑡𝑟

𝑁 =

ℎ = Número de horas por días que se pretende regar, en h/día 

𝐼 = Intervalo de riego, en días 

𝑡𝑟 = Tiempo de riego calculado para el mes de máxima demanda, en h 



ℎ𝑓 = 𝑓
𝐿

𝐷

𝑣2

2𝑔
 

𝑓 =
0.3164

𝑅𝑒
1
2

 

3 ∗ 103 < 𝑅𝑒 < 105



𝑣 = 0.849𝐶𝐻𝑊𝑅0.63𝑆0.54

𝑣 =

𝑅 =

𝑆 =

𝐶𝐻𝑊 =

𝑪𝑯

𝑪𝑯 𝑪𝑯

𝜀𝑡 = 𝜀𝑜 + 𝑎𝑡

𝜀𝑜 =

𝑎 =

𝑡 =

𝜀𝑡 =



ℎ𝑓 = 𝐾
𝑄𝑚

𝐷𝑛
𝐿

ℎ𝑓 =
16

2𝜋2𝑔
𝑓𝐶

𝑄2

𝐷5 𝐿

ℎ𝑓 = 4.098 ∗ 10−3𝐾
𝑄1.9

𝐷1.1
𝐿

ℎ𝑓 = 10.674 (
𝑄

𝐶𝐻𝑊

)
1.852 1

𝐷4.871
𝐿

ℎ𝑓 = 7.89 ∗ 104
𝑄1.75

𝐷4.75
𝐿

𝑙/𝑠 𝑚𝑚

ℎ𝑓 =
16

2𝜋2𝑔
∗ 105𝑓𝐶

𝑄2

𝐷5
𝐿 

ℎ𝑓 = 4.098 ∗ 10−3𝐾
𝑄1.9

𝐷1.1
𝐿

ℎ𝑓 = 1.212 ∗ 1010 (
𝑄

𝐶𝐻𝑊

)
1.852 𝐿

𝐷4.871

ℎ𝑓 = 7.88 ∗ 105
𝑄1.75

𝐷4.75
𝐿

 



ℎ𝑓 = 𝐾
𝑄𝑚

𝐷𝑛
𝐿

ℎ𝑓 =

𝐾 =
ℎ𝑓

𝑄 =

𝐷 =

𝐿 =

𝑚 𝑦 𝑛 =

ℎ𝑓

𝐹

ℎ𝑓𝐿 = ℎ𝑓(𝐹)

𝐹

𝐹 =
1

𝑚 + 1
+

1

2𝑁
+

√𝑚 − 1

6𝑁2

𝐹

 𝑆

 𝑞

 𝑆0 𝑆

 𝑄𝑠 = 0

 

𝐹



𝐹 =
1

2𝑁 − 1
(

2𝑁

𝑚 + 1
+

√𝑚 − 1

3𝑁
)

𝐹

𝐹 =
𝑁𝐹1 + 𝑟𝑠 − 1

𝑁 + 𝑟𝑠 − 1
;              𝑟𝑠 =

𝑆0

𝑆

𝐹 =
1

𝑁𝑚+1
[
𝑁𝑇

𝑚+1 − 𝑁′𝑚+1

𝑚 + 1
+

𝑁𝑇
𝑚 − 𝑁′𝑚

2
+

√𝑚 − 1(𝑁𝑇
𝑚−1 − 𝑁′𝑚−1)

6
]

𝐹

 𝑆

 𝑞

 𝑆0 𝑆

 

 

 

 

(𝑆0 ≠ 𝑆)

𝐹 =
1

𝑁𝑇
𝑚𝑁

[
𝑁𝑇

𝑚+1 − 𝑁′𝑚+1

𝑚 + 1
+

𝑁𝑇
𝑚 − 𝑁′𝑚

2
+

√𝑚 − 1(𝑁𝑇
𝑚−1 − 𝑁′𝑚−1)

6
]

𝑄𝑇 = 𝑄 + 𝑄𝑆



𝑁𝑇 = 𝑁 + 𝑁′

𝑁′ =
𝑄𝑠

𝑞

𝐹 = [
𝑁𝐹 − 1 + 𝑟𝑠 + (

𝑁′

𝑁𝑇
)

𝑚

𝑟𝑡

𝑁 − 1 + 𝑟𝑠 + 𝑟𝑡
]

 𝑟𝑠 =
𝑆0

𝑆
 

𝑟𝑡 =
𝑆1

𝑆

𝑚 =  

𝑆 =

𝑆0 =

𝑆1 =

𝑟𝑐 = 

𝑁 = = 𝑄/𝑞

𝑁′ = = 𝑄𝑠/𝑞

(∆𝐻𝑠), 

∆𝐻𝑠 = 𝑀[ℎ̅ − (ℎ𝑚𝑖𝑛)𝑠]

ℎ̅ = (�̅� = 𝐾ℎ̅𝑥

(ℎ𝑚𝑖𝑛)𝑠 =



∆ℎ𝑙 = ∆ℎ𝑇 =
1

2
∆𝐻𝑆

∆ℎ𝑙 =

∆ℎ𝑙 = 

∆ℎ𝑙 = 0.35 ∗ ∆ℎ

∆ℎ𝑇 = 0.65 ∗ ∆ℎ

 

𝑛 =
𝑙

𝑆𝑒
 

𝑞𝑙 = 𝑛 ∗ �̅�

 

𝐽 = 7.89 ∗ 107
𝑄1.75

𝐷4.75
 

 

𝐽′ = 𝐽 (
𝑆𝑒 + 𝑓𝑒

𝑆𝑒
)

𝑓𝑒



 

  

ℎ𝑓 = 𝐽′. 𝐹.
𝑙

100
 

ℎ𝑙 = ℎ̅ +
3

4
ℎ𝑓 ±

1

2
(∆𝐸𝑙)

∆𝐸𝑙 =
𝑆𝑙

100
∆𝐸𝑙 = 𝑆 =

𝑙 =

 

Δ Δ

∆ℎ < ∆ℎ𝑙

∆ℎ = ℎ𝑙 − ℎ𝑛

ℎ𝑛

𝑆 ≥ 0

ℎ𝑛 = ℎ𝑙 − (ℎ𝑓 + ∆𝐸𝑙)

𝑆 < 0 |𝑆| < 𝐽′

ℎ𝑛 = ℎ𝑙 − (ℎ𝑓 + ∆𝐸𝑙) − ∆ℎ𝑐

ℎ𝑐 =
1

100
(1 − 𝐹)𝑆1.57𝐽′−0.57

𝑆 < 0 |𝑆| > 𝐽′

ℎ𝑛 = ℎ𝑙

ℎ𝑐 = ℎ𝑙 − ℎ𝑓 − ∆𝐸𝑙

∆ℎ𝑐 = ℎ𝑐 − ℎ𝑛

∆ℎ𝑐 ≤ ∆ℎ𝑙



 

𝑁 =
𝐿

𝑆𝑙
 

𝑞𝑇 = 𝑁 ∗ 𝑞𝑙

 

𝐽 = 7.89 ∗ 107
𝑄1.75

𝐷4.75

 

𝐽′ = 𝐽 (
𝑆𝑙 + 𝐹𝑒

𝑆𝑙
)

𝐹𝑒

 

 

ℎ𝑓 = 𝐽′. 𝐹.
𝑙

100
 ℎ𝑇

ℎ𝑇 = ℎ𝑙 +
3

4
𝐻𝑓 ±

1

2
∆𝐸𝑙

∆𝐸𝑙 =
𝑆𝑙

100
∆𝐸𝑙 = 𝑆 =

𝑙 =

 

Δ Δ

∆𝐻 ≤ ∆ℎ𝑇

 

𝑁 =
𝐿

𝑆𝐿



 

𝑞𝑇 = 𝑁𝑞𝑙

 

∆𝐻 = ℎ𝑇 − ℎ𝑛

ℎ𝑛

𝑆 ≥ 0

ℎ𝑛 = ℎ𝑇 − (ℎ𝑓 + ∆𝐸𝑙)

𝑆 < 0 |𝑆| < 𝐽′

ℎ𝑛 = ℎ𝑇 − (ℎ𝑓 + ∆𝐸𝑙) − ∆ℎ𝑐

ℎ𝑐 =
1

100
(1 − 𝐹)𝑆1.57𝐽′−0.57

𝑆 < 0 |𝑆| > 𝐽′

ℎ𝑛 = ℎ𝑇

ℎ𝑐 = ℎ𝑇 − ℎ𝑓 − ∆𝐸𝑙

∆ℎ𝑐 = ℎ𝑐 − ℎ𝑛

∆𝐻 = 0

∆ℎ𝑐 ≤ ∆ℎ𝑇



𝑄 = 𝐴. 𝑉 → 𝐷𝑒𝑠𝑝𝑒𝑗𝑎𝑛𝑑𝑜 𝐴;  =
𝑄

𝑉

𝐴 =
𝜋𝐷2

4
→ 𝐷𝑒𝑠𝑝𝑒𝑗𝑎𝑛𝑑𝑜 𝐷; 𝐷 = √

4𝑄

𝜋𝑉

𝐷 = 𝑄 =
𝑉 = 𝐴 =

𝐻𝐵 = 𝐻𝑇 + ∑𝐻𝑓𝑠 + ∑𝐻𝑓𝑝 + ∑𝐻𝑓𝑙𝑜𝑐 ± ∆𝐸𝐿

𝐻𝑇 = ∑𝐻𝑓𝑠 =

∑𝐻𝑓𝑝 =

∑𝐻𝑓𝑙𝑜𝑐 =



∆𝐸𝐿 =

𝐻𝑃𝐵 =
𝑄𝐻𝐵

76𝜂𝑏𝜂𝑚

𝐻𝐵 = 𝑄 =
𝐻𝐵 = 𝜂𝑏 =

𝜂𝑚 = Eficiencia del motor, en decimal 

𝐿𝑚 =
(𝐶𝐶 − 𝑃𝑀𝑃)

100
(1 − 𝑃𝐶)𝐷𝑎𝑍 (

𝑃

100
)

𝐿𝑚 = 𝐶𝐶 =
𝑃𝑀𝑃 = 𝑃𝐶 =

𝐷𝑎 =
𝑍 = 𝑃 =

𝐿𝑚 =
28 − 14

100
(1 − 0.8)(1.2)(400) (

60

100
) = 8.01 𝑚𝑚

𝐼 =
𝐿𝑚𝑎𝑥

𝐸𝑡𝑚𝑎𝑥



𝐿 = 𝐸𝑇 =

𝐼 =
8.01

8.6
= 0.94 𝑑𝑖𝑎𝑠 = 22.6 ℎ𝑟𝑠

𝑡𝑟 =
𝐿𝑟 ∗ 𝑆𝑔 ∗ 𝑆𝐿

𝑞

𝑡𝑟 = 𝐿𝑟 = 𝑆𝑔 =

𝑆𝐿 = 𝑞 =

𝑡𝑟 =
8.01 ∗ 0.3 ∗ 1.2

1.13
= 2.57 ℎ

𝐿𝑟 = 𝐿𝑚

𝑁 ≤  
ℎ ∗ 𝐼

𝑡𝑟

𝑁 = ℎ =
𝐼 = 𝑡𝑟 =

𝑁 ≤
6 ∗ 1

2.57
≤ 2.33

𝑁 = 2



 





∆𝐻𝑠 = 0.2ℎ = 0.2 ∗ 6.12 = 1.22 𝑚

∆ℎ𝑙 = 0.35 ∗ ∆ℎ = 0.35 ∗ 1.22 = 0.43 𝑚

∆ℎ𝑇 = 0.65 ∗ ∆ℎ = 0.65 ∗ 1.22 = 0.80 𝑚



𝐷𝑖 = 16 𝑚𝑚

𝑁 =
𝐿

𝑆𝑒
=

30

0.3
= 100

𝑞𝑙 = 𝑁𝑞 = 100 ∗ 1.13 = 113 𝑙𝑝ℎ = 0.03 𝑙𝑝𝑠

𝑗 = 7.89 ∗ 107
𝑄1.75

𝐷4.75
= 7.89 ∗ 107

(0.03)1.75

(16)4.75
= 0.35

𝐽′ = 𝐽 (
𝑆𝑒 + 𝑓𝑒

𝑆𝑒
) = 0.35 (

0.3 + 0.1

0.3
) = 0.47

𝐹 =
1

𝑚 + 1
+

1

2𝑁
+

√𝑚 + 1

6𝑁2
=

1

1.75 + 1
+

1

2(100)
+

√1.75 + 1

6(100)2
= 0.37 

ℎ𝑓 = 𝐽′. 𝐹.
𝑙

100
= 0.47 ∗ 0.37 ∗

30

100
= 0.052

ℎ𝑙 = ℎ̅ +
3

4
ℎ𝑓 ±

1

2
(∆𝐸𝑙) = 6.12 +

3

4
(0.052) +

1

2
(

1.3 ∗ 30

100
) = 6.35

∆𝐸𝑙 =
𝑆𝑙

100

𝑆 ≥ 0

ℎ𝑛 = ℎ𝑙 − (ℎ𝑓 + ∆𝐸𝑙) = 6.35 − (0.052 +
1.3 ∗ 30

100
) = 5.91

∆ℎ = ℎ𝑙 − ℎ𝑛 = 6.35 − 5.91 = 0.44

∆ℎ < ∆ℎ𝑙

0.44 > 0.43



0.40 < 0.43
0.44 > 0.43

ℎ𝑇 = ℎ𝑙 +
3

4
𝐻𝑓 ±

1

2
∆𝐸𝑙 

∆𝐻 = ℎ𝑇 − ℎ𝑛 

𝑆 ≥ 0

ℎ𝑛 = ℎ𝑇 − (ℎ𝑓 + ∆𝐸𝑙)

0.70 < 0.80



𝐻 = ℎ𝑇 + ℎ𝑠 = 6.77 + 1.97 = 8.74 𝑚

𝐻𝑇 = 1.1𝐻 = 1.1 ∗ 8.74 = 9.61 𝑚

𝐻𝑇 = 10 𝑚

𝑄𝑇 = 2 ∗ 𝑄𝑇 = 2 ∗ 0.88 = 1.76 𝑙𝑝𝑠



𝑘𝑊

 silicio monocristalino

fotones

flujo de electrones libres  efecto fotoeléctrico energía 

solar fotovoltaica N2

P3

http://es.wikipedia.org/wiki/Silicio_cristalino
http://es.wikipedia.org/wiki/Fotones
http://es.wikipedia.org/wiki/Corriente_eléctrica
http://es.wikipedia.org/wiki/Efecto_fotoeléctrico
http://es.wikipedia.org/wiki/Energía_solar_fotovoltaica
http://es.wikipedia.org/wiki/Energía_solar_fotovoltaica
http://es.wikipedia.org/wiki/Dopaje_(semiconductores)#_dopaje_tipo_n_y_tipo_p
http://es.wikipedia.org/wiki/Dopaje_(semiconductores)#_dopaje_tipo_n_y_tipo_p
http://es.wikipedia.org/wiki/Dopaje_(semiconductores)
http://es.wikipedia.org/wiki/Dopaje_(semiconductores)


 

 

 

 

 

 

 

http://es.wikipedia.org/wiki/Campo_eléctrico




 

 









 

 

 

 

 

 









 
Perfil de elevación de la zona de cultivo. 

PERFIL DE ELEVACIONES DEL

TERRENO



INSTITUTO MEXICANO DE

TECNOLOGIA DELAGUA

LEVANTAMIENTO TOPOGRAFICO

PERFIL DE ELEVACIONES DEL

TERRENO

HUBICACION DEL TERRENO

CURVAS DE NIVEL





Metros cúbicos (Galones)por hora =  
Metros cúbicos (galones) por día 

horas pico de radiación solar disponibles por día



 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

https://mx.grundfos.com/content/dam/GMX/Brochure/SQ%20FLEX.pdf


 

 

 

 

 

 

















http://www.ldksolar.com/uploadfiles/down/LDK_240D_245D_250D_20_Ontario_DCC_EN_
V1_12_120229.pdf

http://www.ldksolar.com/uploadfiles/down/LDK_240D_245D_250D_20_Ontario_DCC_EN_V1_12_120229.pdf
http://www.ldksolar.com/uploadfiles/down/LDK_240D_245D_250D_20_Ontario_DCC_EN_V1_12_120229.pdf


 

 

 

 

 

 





 















http://www.villacero.com.mx/images/pdf/esp/malla_electrosoldada.pdf
http://www.villacero.com.mx/images/pdf/esp/malla_electrosoldada.pdf
http://www.fao.org/docrep/012/a1295s/a1295s00.pdf
http://www.cedengineering.com/userfiles/Rational%20Method%20Hydrologic%20Calculations%20with%20Excel.pdf
http://www.cedengineering.com/userfiles/Rational%20Method%20Hydrologic%20Calculations%20with%20Excel.pdf





