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Medicion del viento en superficie
Magnitud: anemoémetro

Pitot (calibracidn) Manga de viento De Copela o rotacidn Infrasdnico
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Anemometro

Veleta

Direccion del Viento

La direccion del viento se designa segun la
direccion geografica desde donde el viento
esta soplando. (desde donde viene). La

direccion (dd) se mide c/r al Norte en forma
horaria en grados sexagesimales.
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Observations for TEMUCO MAQUEHUE, Chile (SCTC)
Location: 38.755 T2.63W 120 meters

2200Z 15 May 2012 to 2200Z 16 May 2012

STH TIME ALTM TMPF DEW RH |DIR SPD|VIS CLOUDS Weather
DD/HHMM hFa c ¢ 3 |deg m/s|km

SCTC 16/2200 1018.0 11 7 76 (20  2)10.0~- Viento dEbI| dE| N

5CTC 1&/2100 1019.0 132 8 67| 10 311040 coavev  womoru

5CTC 16/2000 1019.0 14 7 &3 1350 3P{o.o0 FEWO2ZS  SCTOTO

5CTC 16/1900 1019.0 14 & 59330 3|10.0 SCTO25  SCTOT0

5CTC 1&/1800 1019.0 13 7 &7 ;ég___% 10.0 SCT025 BENOTO

5CTC 16/1700 1020.0 12 10 88 10.0 FEWO25 EBENOTO

5CTC 16/1600 1020.0 11 5 e7| 80 s|10.0 FEWOZS EBENOTO

5CTC 1&/1500 1021.0 0 2& 2 8 1oo| 7o 4| 7.0 BENOTO q

5CTC 16/1400 1021.0 27 0 7 1loo| 8o 3k.2.0 EBENOTO F

5CTC 1&/1300 1020.0 & 5 83|80 ozl oY F

5CTC 16/1200 1020.0 24 4 1oo| a0 2| 0.2 F

SCTC 16/1100 1020.0 3 2 93\@80___ 3/ 0.8 F

5CTC 16/1000 101%.0 23 02 93 0 0O 0.2 F

5CTC 1&/0900 1019.0 & 5 93 0O 0 0.5 _ . .

3CTC 16/0800 1019.0 B 7 83 90 2 10.0 VlentO deb|I deI E

S5CTC 16/0700 1019.0 & 007 83 80 2 10.0  cevewew

5CTC 1&/0600 1019.0 5 B 9§3 70 3 10.0 BENOZ0

5CTC 1&/0500 1018.0 5 B 9§93 70 2 10.0 OVCO20

5CTC 16/0400 1018.0 5 B 93 1 10.0 OVCo2o

5CTC 1&/0300 1017.0 g 9 100 250 1 EB.0 OVCO20 RW-

5CTC 16/0200 1017.0 10 g 93 2 10.0 BENO20

5CTC 16/0100 1015.0 10 10 100 270 3 10.0 FEWOO& SCTO020

5CTC 16/0000 1014.0 11 10 94 310 0 4 7.0 SCTO0& SBENOZO  OVCOTO R

5CTC 15/2300 1012.0 212 10 B8 380 0205 7.0 BENOZO OVCOTO R

5CTC 15/2200 1012.0 11 10 94 3&0 & 7.0 BEN0OZ0 OVCOTO R
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X: Direccion zonal (W-E)...Componente Zonal u=dx/dt
Y: Direccion Meridional (S-N) ...Componente Meridional v=dy/dt

Z: Direccidn vertical...Componente vertical w=dz/dt

U = -ff*sen(dd) V=-ff*cos(dd) ff=sqrt(Ur2+VA2) dd=atan(ff/dd)
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Representacion de viento en Mapas

Vectores
Precipitation and 925 hPa winds Barbas
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Vectores

Representacion de viento en Mapas

Wind bl ng from Eha
west at 75 knots

Wing blowing from the
wast at 55 knols

Wing blowing from tha
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Calm winds

Lineas de corriente



Introduccioén a la Meteorologia — Dinamica

UCh/FCFM/DGF — R. Garreaud

85586 SCSN Santo Domingo
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Radiosondas miden viento en altura
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Dinamica

Apuntes de H. E. de Swart

By definition:

Momentum balance; absolute frame

Newton

Operator D_/Dt is total time derivative in absolute frame;

u, is vel

" s second law in an absolute frame

Dauﬂ i
- E F, F.: forces (per mass unit)

ocity in absolute frame

Q: rotation vector

X)Y,Z: axes in absolute frame
x',y’,z": axes in rotating frame

r : position vector

lu =u+Qxr| . Dar__+gxr

Note: in the boxed relation r can be replaced by any vector,

in particular by u, =>

D(ruc: = Duu + Q ><l1ﬂ
Dt Dt
=§(u+er)+Qx(u+er)
r

=%+qu+9x(u+£2xr)
Dt




The momentum balance in a rotating frame

Du
—+2Qxu+ QAx(Qxr) = F.
Here, two apparent forces emerge:

20 xu Coriolis force/mass

~Qx(Qxr)=2'R centrifugal force/mass

IR| : distance to rotation axis

Dinamica
Apuntes de H. E. de Swart

Thus, momentum equations on a rotating earth becom

D
—u+2S2><ll =

= g+ Fp +F, . +F.

with

F, : pressure force/mass

F...: tidal force/mass

F... : frictional force/mass

Manifestation of centrifugal force F_,

If earth would be a sphere, then F_, would have
a component along the earth’s surface

1]

'\

Eanh

— Sphere
R : »
I"R

g
R

However, F_ causes shape of the earth to adjust
from sphere — spheroid, such that gravity

g = gz+§2‘jR

is perpendicular to the surface of the earth.
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Thus, in this coordinate system, the Coriolis force

Coriolis parameter f
(2x vertical component of Q)

\u+e: 2Q cosp u

F,=e(-2Qcosgp w+2Qsingv) - e 2Q sing u+e_ 2L cosg u

Parametro de Coriolis: f = 2Qsen(¢)



Efecto de Coriolis

* Particula es lanzada directamente desde el PS al ecuador.
* Despreciando la fuerza de roce, particula mantiene un MRU.
* Observador fijo a tierra describe una “misteriosa” desviacion hacia la izquierda
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® Particulas flotando sobre superficie
parten impulsivamente al ecuador....
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Cuando observamos un movimiento desde un sistema de referencia que
acelera (por ejemplo en rotacion), se deja de cumplir la segunda ley de
Newton (F=ma). Podemos “bajarnos” del sistema movil, o introducir
fuerzas aparentes, de manera de seguir cumpliendo F=ma

En meteorologia, decidimos mantener nuestra descripcion del viento
desde el planeta (sistema movil), por lo cual debemos agregar la Fuerza
de Coriolis a nuestro analisis de movimiento.

Propiedade de la Fuerza de Coriolis

» Actua sobre cuerpos no fijos a la tierra

» Siempre deflecta el movimiento hacia la izquierda (derecha) en el
hemisferio sur (norte)

* Su magnitud es zero en el ecuador y maxima en los polos

* Su magnitud es dependiente de la velocidad de rotacion de la tierra (o el
planeta en cuestion). FC=0 para rotacion nula.
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Pressure gradient force

Note: pressure itself is a force per surface area.
It are the spatial variations in pressure that result
in a force/mass.

Total force/mass in x-direction:

FruatFpage 1 p

px— PAXAYAZ - P ok

=

p.nght

Derivation (fixed control volume):

::> IKX,‘V,Z) - : y

I)------ X

P

pleft

-~

Pressure force ‘right’:

) ) ap 1. _
paight == P (_H%__“_)_"_)A)‘A.\‘ == (P (x¥y.2) + E (xv.z2) ;A\ A.\’Aﬂ
Pressure force ‘left :
* - ﬁp _I_ ) e
Fp,left =P (.r—%Ar,)‘,:)A—\ Az = (}5’ (xyz) E (x.2) ;A\ AyAz

Likewise, total force/mass in y- and z-direction:

T lF;J’:rr:m + f':::back _ _ i@

e PAXAYAZ 0 N
IL‘ _ )L 1;;__(10“‘11 + f .pl__up — i @

P2 pAxAyAz Pz

Final result in vector notation:

1
F =- ;Vp

directed from high—low pressure




Thus, momentum equations on a rotating earth become

D
Fl:+2£2><u =g+F +F, +F,

with

F, : pressure force/mass

F..: tidal force/mass
F... : frictional force/mass

momentum equations in components:

D 't ) : | oD

S E|11g‘?5+ o 2Qsingy + 2Qcosgw = 1P - L+ F
Dt r ¥ o dx ox '
Dv+ Il tal1¢5+ VW +20sin i _ —lrﬁ B G}FI)-’ .-
Dt r r o N N ?
Dw_w+v - 2Qcospu = —l@—g _ + F,
Dt ¥ p & L )

" metric Coriolis - pressure gravity tide friction

gradient




Escala Horizontal
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Escala temporal-espacial de fendmenos atmosféricos
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Depresion extratropical / Frente frio

viento 850 hPa
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Analisis de Escala de Sistemas de Latitudes Medias

U =10ms"
L=10°m (10° km); H
T=L/U ~ 10° (1 day); 6P =

(a) horizontal momentum equations

scales

orders

D 18

ﬁ: — 20vsin g + 2Qw cosp = —E£
Dv . 19p
— 4+ 2Qus S =
Dt + U S111 @ pf)y

and

U*/T 2QUsing 20W cos¢ 5P/(pL)

101 103 106 102

Duy,
Dt

+ fkAu, = —lﬁ'hp
P

LW

p

1072
10* m (10 km);
10* Pa (10 mb)

1115_1:_

= 1lkg m>

(b) vertical momentum equation (total pressure form)

scales

orders

}
% — 2ucosg = —i(ﬂ —

UW/L 2Qucoso dFy/(pH)
107 10°® 10

1 dp
p Oz

g9
10



THE ROSSBY NUMBER

® Dividing the horizontal momentum equation, (6), through by 'V we get

1 DV _ 1 Vp— P ﬂ .
fV Dt pfV fv
® Using the representative scales the order of magnitude of these terms are
R

L pfU
® The dimensionless combination U/fL is defined as the Rossby number (named for
Gustav Rossby),

Ro=U/fL 7

GEOSTROPHIC BALANCE (VERY SMALL ROSSBY NUMBER)
® When the Rossby number is much less than unity (Ro << 1), then the acceleration
(inertial) term can be ignored and the only two terms left are the pressure gradient
term and the Coriolis term, which must be nearly in balance.
o This is known as geostrophic balance, and the velocity in this case is known as
the geostrophic wind.

0o The momentum equation in this case reduces to

p 1
kx fV, =-—Vp CYCLOSTROFPHIC BALANCE (VERY LARGE ROSSBY NUMBER)
P ® When the Rossby number is much greater than unity (Ro == 1) then the Coriolis term

which is solved for the geostrophic wind to yield can be ignored. In this instance the only terms that are left are the acceleration and

ool kxVp, the pressure gradient terms, and so the acceleration is a direct result of the pressure
£ fp gradient force
DV _ 1
=——Vp. (10)
Dt o)

o This type of balance is called cyclostrophic.

o In cyclostrophic balance the pressure gradient acceleration is exactly that required
for the centripetal acceleration, and so we have

v _vel
r - 2
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¢, Como circula el aire en torno a los centros de altay baja presion (HS)?

En el ecuador o en Muy cerca del ecuador o Lejos del ecuador (>20°) para
planeta sin rotacion rotacion planetaria muy lenta  movimientos lentos
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¢,Porque nos gustan tanto los mapas del tiempo?

Marine Ohservations Yalid for March 21, 2003 12 GMT
Model Pressures Yalid for March 21, 2005 12 GMT (6 Hour Foreca =t
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Contornos: lineas de igual presion
Flechas: vector viento
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Efecto de la Friccidon

Si gueremos agregar mas realismo a nuestro balance de fuerzas
gue determinan el viento real, debemos considerar el efecto de la
friccion que sufre el aire en contacto con el suelo (o cercano a el).

Viento solo debido a gradiente de presion
Viento Geostrofico (equilibrio FGP y Fcoriolis)
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Efecto de la friccion en torno a centros de Ay B presion...

Débil Divergencia Débil Convergencia
en niveles altos en niveles altos

12 km

<

/ 0 km

Convergencia Divergencia
en niveles bajos en niveles bajos
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| Surface current

Direction of
Ekman Transport

Lepth

Ekman Spiral #f;ﬂﬁ,ﬂ,,,ﬂ,,ﬂﬂﬂ,fﬂrffﬂﬂ

Adapted from Thurman, Harold ¥, Essentials of Oceanography, S5th ed.
Prentice-Hall, In:., 1996,
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/ - p=850hPa
Z |
" p=870hPa
Z =1500 m - p =890 hPa
Z = 0 (superficie)
Z
LTV I A N » S
p=870m
; 7 X
P, z=1500 m
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Presion @ z = 0 m (PNM) Altura geopotencial @ p = 1000 hPa
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Gradiente de T, Cizalle del Viento y Viento Térmico

Va3 P3

# / P2
# o
- A / i / P

Aire frio Aire calido
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Aplicacion cualitativa de viento térmico.
Dibuje el perfil vertical del viento meridional (v(z)) frente a la costa de

Chile central. En superficie el viento es del sur. Para ello, considere la
direccion del viento térmico a 50 m y 500 m

> Aire calido y seco
Base Inversion

Térmica @

Aire frio y himedo

® ®

Aguas frias Aguas muy frias
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