


  

 





 



 



  

 



  

 

 



  

 

 



  

 

 

𝜏 

𝐿𝑟 

𝜃 

𝜌′ 

𝐴 

𝑔 

𝐿′
𝑟 

𝐷𝑟  

𝑇 

𝜔 

𝜔̅ 

𝑢̅ 

𝑣 

𝑢 

𝑒𝑘 

𝑈𝑟𝑖𝑝 



  

 

𝑈𝑖𝑔  

𝑈𝑉𝐿𝐹  

𝑈𝑚𝑒𝑎𝑛 

𝑈𝑡𝑖𝑑𝑒  

𝛾2 

𝜆 

𝑆𝑟𝑣 

𝑆𝑟  

𝑆𝑣 

𝑇𝑝 

Hs 

 

𝐼𝑡

𝐼𝑚𝑎𝑥

𝐼𝑚𝑎𝑥
̅̅ ̅̅ ̅̅

𝜎0

𝜎0
𝑡

𝜎𝑚𝑎𝑥

𝑝𝑑𝑓

𝑝𝑑𝑓′ 

𝑝𝑑𝑓′′ 

𝐶 

𝐶𝑋𝑚𝑖𝑛 

𝐶𝑌𝑚𝑖𝑛  

𝑋𝑐  

𝑌𝑐 

𝛼 

𝐿′𝑟𝑥

𝐿′𝑟𝑦

𝐷𝑟𝑥

𝐷𝑟𝑦

𝜌𝑟𝑜𝑙𝑙𝑒𝑟

𝜌𝑠𝑒𝑎



  

 



  

 



  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

𝐼𝑡 𝑦 𝜎0𝑡

 

𝐿′𝑟  

𝐿′𝑟

𝐿′𝑟𝑥 𝐿′𝑟𝑦 𝐿′𝑟  𝛼

 

𝑇𝑝  

𝐻𝑠

𝑇𝑝 𝜃𝑤 

 

 

 



  

 

 

 

 

 

 

 

 

𝜎0𝑡 , 𝐼𝑡

−28 𝑑𝐵 ,50 −28 𝑑𝐵 ,85 −28 𝑑𝐵 ,150

 

𝜎0𝑡 , 𝐼𝑡

−58 𝑑𝐵 ,103 −28 𝑑𝐵 ,103 −20 𝑑𝐵 ,103

 

 

 

 

 

 

 



  

 

𝑇𝑝

 

𝑇𝑝 𝑇𝑝

 

 

 

 

𝑇𝑝 

𝑇𝑝

 

𝑇𝑝 

𝑇𝑝

 

𝑇𝑝

𝑇𝑝

 

 

 

 𝐷81ℱ  



  

 

 

 

 

 

 



  

 



  

 



  

 

 

 

 

 



  

 

Marejada de fondo Marejada siente el fondo Zona de rompimiento 

Celeridad decrece 

Altura aumenta 

h/L = 0.5 H/h ~0.7 



  

 

 

𝜏

𝐿𝑟

𝜌′𝑔𝐴𝑠𝑖𝑛(𝜃) = 𝜏𝐿𝑟

𝜌′ 𝜃



  

 

𝐿𝑟

𝐴/𝐿𝑟
2 = 0.11 ∓ 0.01

, 𝐷81  

𝐷81 =
𝜌′𝑔𝐴𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜃

𝑇

 

 

𝑐Ԧ 



  

 

 



  

 

𝑒𝑧)

𝜕𝜔̅

𝜕𝑡
+

𝜕𝜔𝑢0̅̅ ̅̅ ̅̅

𝜕𝑥
+

𝜕𝜔𝑣0̅̅ ̅̅ ̅

𝜕𝑥
= ∇×(𝑫𝑒𝑘) ∙ 𝑒𝑧

𝜔̅

𝜔̅ =
𝜕𝑣0

𝜕𝑥
−

𝜕𝑢0

𝜕𝑦

𝑢0 𝑣0 𝑒𝑘 = 𝑘/‖𝑘‖

𝑫

𝐷 =
𝐷81

𝜌𝑐ℎ̅

 (



  

 

 

Nonbreaking zone 

 

𝒅𝑫𝒙

𝒅𝒚
< 𝟎 

𝒅𝑫𝒙

𝒅𝒚
> 𝟎 

y 

x 

Rip  
current 

𝑒ො𝑦 = 0  

breaking zone breaking zone 



  

 

𝑈𝑟𝑖𝑝 = 𝑈𝑖𝑔 + 𝑈𝑉𝐿𝐹 + 𝑈𝑚𝑒𝑎𝑛 + 𝑈𝑡𝑖𝑑𝑒 ,

𝑈𝑖𝑔

𝑈𝑉𝐿𝐹 𝑈𝑚𝑒𝑎𝑛

𝑈𝑡𝑖𝑑𝑒

 (

 



  

 

 

 

 



  

 

𝜎0



  

 



  

 

 

 

 

• 

 

• 

• 

• 

• 

 

• 

• 



  

 

 

 

 



  

 

∆𝑥 = 2

∆𝑦 = 5



  

 

 

 

𝛾2

𝛾2(𝜆) =
|𝑆𝑟𝑣(𝜆)|2

𝑆𝑟(𝜆) ∗ 𝑆𝑣(𝜆)

𝑆𝑟𝑣(𝜆) 𝑆𝑟 𝑆𝑣

 𝛾2 0 < 𝛾2 <

1

𝑻𝒑



  

 

 

𝜎0

𝜎0



  

 



  

 

 

𝑝𝑑𝑓′(𝐼𝑖  ) =  
∆𝑝𝑑𝑓(𝐼𝑖  )

∆(𝐼𝑖)
=

𝑝𝑑𝑓(𝐼𝑖) − 𝑝𝑑𝑓(𝐼𝑖−1)

(𝐼𝑖) − (𝐼𝑖−1)
 , 𝑖 = 1, … , 𝑁𝑡

𝑝𝑑𝑓′′(𝐼𝑖  ) =  
∆𝑝𝑑𝑓′(𝐼𝑖  )

∆(𝐼𝑖)
=

𝑝𝑑𝑓′(𝐼𝑖) − 𝑝𝑑𝑓′(𝐼𝑖−1)

(𝐼𝑖) − (𝐼𝑖−1)
 , 𝑖 = 1, … , 𝑁𝑡

𝑝𝑑𝑓, 𝑝𝑑𝑓′, 𝑝𝑑𝑓′′

𝜎0

𝐼𝑡 , 𝜎0
𝑡

𝑝𝑑𝑓(𝐼)

𝜎𝑚𝑎𝑥  , 𝐼𝑚𝑎𝑥

𝑝𝑑𝑓′(𝜎0
𝑡  ;  𝐼𝑡) = 0, 𝜎0

𝑡  ;  𝐼𝑡 > 𝜎𝑚𝑎𝑥; 𝐼𝑚𝑎𝑥

𝜎0
𝑡 𝐼𝑡

𝑝𝑑𝑓(𝐼)

𝑝𝑑𝑓(𝐼)

𝑝𝑑𝑓′′(𝜎0
𝑡  ;  𝐼𝑡) = max (𝑝𝑑𝑓′′(𝜎0 ;  𝐼 > 𝜎𝑚𝑎𝑥; 𝐼𝑚𝑎𝑥) > 0  



  

 

𝐼𝑡

70 < 𝐼𝑡 < 170 𝐼𝑡

2

3
∗ 𝐼𝑚𝑎𝑥

̅̅ ̅̅ ̅̅ 𝐼𝑚𝑎𝑥
̅̅ ̅̅ ̅̅

𝜎0
𝑡

−31 𝑑𝐵 < 𝜎0
𝑡 < −25 𝑑𝐵 𝜎0

𝑡



  

 

 𝐼(𝑥, 𝑦, 𝑡) < 𝐼𝑡     𝜎0(𝑥, 𝑦, 𝑡) < 𝜎0
𝑡

 𝐼(𝑥, 𝑦, 𝑡) ≥ 𝐼𝑡     𝜎0(𝑥, 𝑦, 𝑡) ≥ 𝜎0
𝑡

 𝐼(𝑥, 𝑦, 𝑡) ≥ 𝐼𝑡     𝜎0(𝑥, 𝑦, 𝑡) < 𝜎0
𝑡

 𝐼(𝑥, 𝑦, 𝑡) < 𝐼𝑡     𝜎0(𝑥, 𝑦, 𝑡) ≥ 𝜎0
𝑡

𝐼𝑡  𝑦 𝜎0
𝑡



  

 

 

𝐶𝑋𝑚𝑖𝑛

𝐶𝑌𝑚𝑖𝑛 𝑋𝑐 , 𝑌𝑐 𝐶𝑋𝑚𝑖𝑛

𝐶𝑌𝑚𝑖𝑛

𝐶𝑋𝑚𝑖𝑛 =

10 𝑚 𝑠⁄  ;  𝐶𝑌𝑚𝑖𝑛 = 3.5 𝑚 𝑠⁄  ;  ‖𝐶‖ = 10.5 𝑚 𝑠⁄
1

0,7𝐻𝑧
=

1.42 𝑠 (𝑥𝑐1, 𝑦𝑐1) (𝑥𝑐2, 𝑦𝑐2)

𝑥𝑐2 − 𝑥𝑐1 = ∆𝑥𝑐 < 14 [𝑚] (7 𝑝𝑖𝑥𝑒𝑙𝑒𝑠)   ∧   𝑦𝑐2 − 𝑦𝑐1 = ∆𝑦𝑐 < 5 [𝑚] (1 𝑝𝑖𝑥𝑒𝑙)

𝛼 = tan−1 (
Δ𝑦

Δ𝑥
)  

𝛼



  

 

 

 

𝐷81 =
0.11 𝜌′𝑔 𝐿𝑟

2  𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜃

𝑇
 

𝐿𝑟

𝛼

𝐿𝑟
′

𝐿′𝑟

𝐿𝑟
′

𝑒𝑘ෞ 

𝑒𝑘ෞ 

𝐿′𝑟  



  

 

𝐿𝑟 =
𝐿′𝑟

𝑐𝑜𝑠(𝜃)

𝐷81 =
0.11 𝜌′𝑔 𝐿′𝑟

2  tan (𝜃)

𝑇
 

 

𝐿𝑟
′

𝐿′𝑟𝑥

𝐿′𝑟𝑦 𝐿′𝑟 𝛼

𝐿′𝑟𝑥 𝐿′𝑟|cos(𝛼)| 

𝐿′𝑟𝑦 𝐿′𝑟|sin(𝛼)| 

𝐷81𝑥 =  
0.11𝜌𝑔(𝐿′𝑟 ∗ | cos(𝛼) |)

2
tan (𝜃)

𝑇
 

𝐷81𝑦 =  
0.11𝜌𝑔(𝐿′𝑟 ∗ | sin(𝛼) |)2tan (𝜃)

𝑇
  

 

 



  

 

𝐿′𝑟

𝐿′𝑟𝑥 𝐿′𝑟𝑦 𝐿′𝑟  𝛼

 

𝑒𝑘

𝑒𝑘 = 𝑐𝑜𝑠 (𝛼)𝑒𝑥 + 𝑠𝑖𝑛(𝛼)𝑒𝑦

𝛼 

𝐿′𝑟  𝐿′𝑟𝑥  

𝐿′𝑟𝑦  

𝑒𝑘ෞ 
𝑒𝑘ෞ 



  

 

𝜕𝜔̅

𝜕𝑡
+ 𝛻(𝜔̅𝑢0̅̅ ̅) = 𝛻×(∓𝐷𝑥𝑒𝑦 − 𝐷𝑥𝑒𝑥); 𝑒𝑧

𝜕𝜔̅

𝜕𝑡
+ 𝛻(𝜔̅𝑢0̅̅ ̅) = 𝛻×(−𝐷𝑥 ∓ 𝐷𝑦) ; 𝑒𝑧

𝑒𝑥 𝑒𝑦 

𝜕𝜔̅

𝜕𝑡
+ 𝛻(𝜔̅𝑢0̅̅ ̅) = (∓

𝜕𝐷𝑦

𝜕𝑥
− (

𝜕(−𝐷𝑥)

𝜕𝑦
)) ; 𝑒𝑧

𝜕𝜔̅

𝜕𝑡
+ 𝛻(𝜔̅𝑢0̅̅ ̅) = (∓

𝜕𝐷𝑦

𝜕𝑥
+

𝜕𝐷𝑥

𝜕𝑦
) ; 𝑒𝑧



  

 

𝑇𝑝



  

 

 

 
 

 

0 𝑚/𝑠



  

 

𝐻𝑠

𝑇𝑝 𝜃𝑤 

 



  

 

250 𝑚 < 𝑥 < 400 𝑚

150 𝑚 < 𝑥 < 250 𝑚

a) b) 



  

 



  

 

 

𝐼 = 70

𝑝
(𝐼

) 
𝑝

(𝜎
0

) 



  

 



  

 

𝑝
(𝜎

0
) 

𝑝
(𝐼

) 



  

 

 



  

 

 



  

 



  

 



  

 

(𝜎0
𝑡  , 𝐼𝑡)

(−28 𝑑𝐵 ,50) (−28 𝑑𝐵 ,85) (−28 𝑑𝐵 ,150)



  

 

(𝜎0
𝑡  , 𝐼𝑡)

(−58 𝑑𝐵 ,103) (−28 𝑑𝐵 ,103) (−20 𝑑𝐵 ,103)



  

 

 

62 𝑒𝑣𝑒𝑛𝑡𝑜𝑠 𝑚𝑖𝑛⁄

(102 𝑒𝑣𝑒𝑛𝑡𝑜𝑠 𝑚𝑖𝑛 )⁄



  

 



  

 



  

 



  

 



  

 

 

𝐿𝑟
′

𝐿𝑟𝑥
′ 𝐿𝑟𝑦

′

[170° < 𝛼 < 186°]

[169° < 𝛼 < 193°] 𝛼

𝐿′
𝑟𝑦 ≈ 0 [0.97 < |𝑐𝑜𝑠 (𝛼)| < 0.98] [0.19 < |𝑠𝑒𝑛(𝛼)| < 0.22]

 𝐿𝑟
′



  

 

𝐿𝑟
′ 𝐷81

⃗⃗ ⃗⃗ ⃗⃗ Ԧ 𝐿′𝑟𝑥 ≫

𝐿′
𝑟𝑦 =>  𝐷81𝑥 ≫ 𝐷81𝑦 

𝐿′𝑟𝑥

𝐿′𝑟𝑥 𝐿𝑟
′



  

 

𝑇𝑝

𝜃

𝜃



  

 

𝐻𝑠

𝜌𝑠𝑒𝑎 =

1025(
𝑘𝑔

𝑚3) 𝜌𝑟𝑜𝑙𝑙𝑒𝑟 = 615(
𝑘𝑔

𝑚3)

𝐿′𝑟𝑥 𝜃 𝜌𝑟𝑜𝑙𝑙𝑒𝑟

10𝑚^2



  

 

𝑇𝑝 𝑇𝑝

a) b) 

c) d) 



  

 

 

𝑐 ~ √𝑔ℎ̅

𝐷 =
𝐷81

𝜌√𝑔ℎ̅3



  

 



  

 

 

a) 

b) 



  

 

𝑇𝑝 

𝑇𝑝



  

 

𝑇𝑝 

𝑇𝑝



  

 

𝑇𝑝

𝑇𝑝

𝑇𝑝

𝑇𝑝



  

 



  

 

 

 

 

 

 

 

 

 

 



  

 

 

∆𝑦 =

250 𝑚)



  

 

 𝐷81 ℱ⁄

ℱ

ℱ = ∫ 𝐸(𝑓) ∗ 𝑐𝑔(𝑓) 𝑑𝑓 (4.1) 



  

 

𝜃

[2°, 14° ]

 𝐷81 ℱ⁄



  

 

 



  

 



  

 



  

 



  

 



  

 

 

 

𝑧

−𝑏 < 𝑧 < 𝜂 −𝑏(𝑥, 𝑦)

𝜂

𝜂̅

𝑢0(𝑥, 𝑦, 𝑧, 𝑡); 𝑣0(𝑥, 𝑦, 𝑧, 𝑡);  𝑤0(𝑥, 𝑦, 𝑧, 𝑡)

𝐮𝟎 = [𝑢0, 𝑣0, 𝑤0, ]

𝜕

𝜕𝑡
(∫ 𝐮𝟎𝑑𝑧

𝜂

−𝑏

)
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

=
𝜕

𝜕𝑡
(∫ 𝐮𝟎̅̅ ̅𝑑𝑧

𝜂̅

−𝑏

) +
𝜕

𝜕𝑡
(∫ 𝐮𝟎𝑑𝑧

𝜂

𝜂̅

̅̅ ̅̅ ̅̅ ̅̅ ̅̅
)

𝑥 



  

 

=
𝜕

𝜕𝑡
(𝑴0

𝑚) +
𝜕

𝜕𝑡
(𝑴0

𝑊)

𝜕

𝜕𝑡
(∫ 𝑢0̅̅ ̅𝑑𝑧

𝜂̅

−𝑏

) +
𝜕

𝜕𝑥
(∫ [𝑢0̅̅ ̅2 + 𝑢0̅̅ ̅𝑣0̅̅ ̅]𝑑𝑧

𝜂̅

−𝑏

)
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

+
𝜕

𝜕𝑥
(∫ 𝑝̅𝑑𝑧

𝜂̅

−𝑏

) = 𝐹𝑥
𝑊

𝜕

𝜕𝑡
(∫ 𝑣0̅̅ ̅𝑑𝑧

𝜂̅

−𝑏

) +
𝜕

𝜕𝑦
(∫ [𝑣0̅̅ ̅2 + 𝑢0̅̅ ̅𝑣0̅̅ ̅]𝑑𝑧

𝜂̅

−𝑏

)
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

+
𝜕

𝜕𝑦
(∫ 𝑝̅𝑑𝑧

𝜂̅

−𝑏

) = 𝐹𝑦
𝑊

𝐹𝑤 = [𝐹𝑥
𝑊 , 𝐹𝑦

𝑊]

𝐹𝑤 = 𝑫𝑒𝑘 + 𝑴0
𝑊×(∇×𝑈 ) − 𝑈(∇ ∙ 𝑴0

𝑊) − ℎ ̅∇𝐽,

𝑒𝑘 = 𝑘/‖𝑘‖ 𝑘 𝑫 𝐽 =
1

2
(𝑢̃2̅̅ ̅ − 𝑤̃2̅̅ ̅̅ )

𝑴0
𝑊 𝑼

 

𝐮 ∙ ∇𝐮 = ∇(𝐮2 2⁄ ) + 𝜔×𝐮

𝜔 = [0,0, 𝜔]

𝜕𝜔̅

𝜕𝑡
+ ∇×(𝜔̅×𝐮𝟎̅̅ ̅) = ∇×𝑫𝑒𝑘



  

 

𝜕𝜔̅

𝜕𝑡
+

𝜕𝜔𝑢0̅̅ ̅̅ ̅̅

𝜕𝑥
+

𝜕𝜔𝑣0̅̅ ̅̅ ̅

𝜕𝑥
= ∇×(𝑫𝑒𝑘) ∙ 𝑒𝑧

𝑫

𝐷 =
𝐷81

𝜌𝑐ℎ̅

𝑐 ℎ̅ 𝐷81

𝑐 ~ √𝑔ℎ̅


