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Laatmosferaparecequetiene masviscosidadie laguerealmente
existe

Lapresenciade turbulenciad fovimientocadtico originaesta
paradoja



Fundamentalmenteranecesariaelacionaros
Intercambiosde momentoy calorcon los
gradientesde vientoy temperatura



Meteorologiade lacapasuperficialy la capalimite atmosférica

¢Cualesnfluenciasdeterminanla tasade intercambiode energiaentre
la superficiey la atmosferd

¢Comose manfiestan los gradientesde temperaturay otros parametros
enlascapasmasproximasa la superficie?

¢Quéepapeltoma laturbulenciaen nuestroentendimientode esos
proceso®



laminar

turbulento

Fig, 3.8 —{(a) Laminar flow of water from a ;abo:a-
tory faucet, (b} Turbulent flow of water issuing at a
higher speed from the same faucet as in part (a).
{Courtesy J. E. Westcott]



Laturbulenciaesproducidaa travésde gradientesde viento (cizallamientg
Ytambiénatravésdel efectoR SArgtHmideS2cordicionesconvectivas.

Fig 3.2 —Ilustration of shear due to a tangential
force.
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The Reynolds number, Re, is defined as

Re

VL/v = pVL/u (3.5.1)

where V and L are velocity and length scales in the boundary layer. Given v,;, =
1.5 x 10-> m?s-! and the typical scaling values V= 5m/s and L = 100 m in the
surface layer, we find that Re =3 x 107, In the atmospheric mixed layer, the Reynolds

number is even larger. The Reynolds number can be interpreted as the ratio of inertial to
viscous forcings. - | | .
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Flgure 3. The frictlon factor, the dimensionless shear stress
exerted by a fluid on a pipe, is plotted as a function of the

olds number Re. Blue symbols correspond to data ob-
tained from a 12-cm-wide, 34-m-long “supsrpipe” opsrated
at room temperature. Black Tb:-li correspond to data
collected ina pipe roughly 17100 600 that size, operated at
cryogenic temperatures. Wheare they overap, the data sats
agree to within about 2%, safely within the eror mangin of

both expenimeants. The salid line is the theomretical result for
larninar flow, and the discontinuity near Re = 2x 107 corre-

sponids to the transition to turbulence. (Adapted from ref 5.)

Box 2. The origins of some dimensionless

numbers in fluid mechanics

The Reynolds number. The most famous of the dimensionless
numbers, the Reynolds number, can be derived from the Navier—
Stokes equations for incom pressible fows:

%-&u-'ﬂ'u-—%ﬂ'p-tﬁ’u
V-u=0_

where wis local welocity, p is pressure, p is the fluid density, and
v is the fluid’s kinematic viscosity.

Choosing appropriate characterstic length and velocity
scales, L and U one can introduce a dimensionless displacement
¥mwl, dimensionless time ©m VL, dimensionless welocity
uw'mwl, and dimensionless pressure p'mpiplP The Mavier—
Stokes equations become

ml’ é 1 é
F+ o - V' = - +E";"'=u
v-u'=0,

where Be= ULiv is the Beynolds numbsr,

The change to dimensionless vaniables is not just a superficial
stepy; it greatly reduces the amount of work nesded to study a
given flow. Although it might seem that one would nesd to
investigate sepamtaly the effects of varying p, L, U and v, one
needs to investigate only variations with Re.

The Rayleigh, Prandt], and Musselt numbers. Assuming den-
sity variations are small, themmal convection can be described by
the Boussinesg equations,

%4 - Vo = {Vplip + W50 g
Y-u=0

aT
—_ ST = &W=T
o

where @ and k ae, respactively, the fluid’s thermal expansion
coefficient and thermal diffusivity, g is the acceleration due to
gravity, and T is temperature. Nondimensioralization of the
Boussinesy equations yields two key parameters: the Rayleigh
nurmber Bo m gerlioe, the dimensionless temperature difference,
and the Prandtl number Frmwi, the ratio of vorticity diffusivity
tothermal diffusivity.

The heat transfer rate is usually described in tarms of the Nus-
seht num ber Nu, the atie of the actual heat transfer Q o the heat
transfer O that would result from conduction alone. For non-
rotating Bénard calls having the same shaps and I:-njl_lg.bry corn-
diticns, Nu is completely determined by Ro and Pr.
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Richardson

In order to measure the temperature-difference, a thermo-
electric arrangement was set up (as shown in fig. 1) partly
on an iron mast, partly on a tree. The junctions « and 3
wore 4'4 and 183 metres above the ground. Radiation and
rain were screened off by horizontal zine plates, two above
and one below each junction. The uppermost plate was
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504

1925:3  Phil. Mag. (6) 49, 81-90

84 Mr. L. F. Richardson on Turbulence and

in the way indicated by the line drawn on the diagram.
As we should expect, the gustiness is small when the air is
much colder below, and increases as the labile adiabatic
equilibrium is approached. It is surprising, however, to
observe that, as far as the scanty observations go, the
un-table hyperadiabatic condition did not correspond to
still further increased gustiness.

An analogous peculiarity has been noted in the upper air,
as may be scen from the dotted line in the diagram on
p- 78 of “ Weather Prediction by Numerical Process” *,

Fig. 8.
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Let us now consider winds from directions in which the
trees were much further away, subtending an elevation of
only 1° at the instruments instead of 7°. 1t was found that
for adiabatic conditions :—

Mean wind at 26 m. ............ 7-5m/s. 4m/s.
Range of gusts at 26 m. ...... Smfs.  2:5mfs.
Gustiness = frngs of gusts ... 0067 062

mean wind
* Cambridge University Press.
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TEMPERATURE DIFFERENCE 4% 70183 m.

Fig. 2.
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Fig. 2 shows the diurnal variation of the difference of

temperature. If the zinc radiation-screens were inadequate,
then the upper junction would on the average be warmest,
relatively to the lower junction, at mid-day when sun could
shine directly on the zinc plates of the upper junction,
while the lower junction was under the shade of a fir-tres.
Actually the reverse is observed, hyper-adiabatic gradients

These

being frequent between 10 h, and 16 h. G.M.T.
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Richardson (1922)
Primeraprevisionnumeéricadel tiempo

96 THE FUNDAMENTAL EQUATIONS Cu. 4/9/1

The subsequent algebra is based on the following suppositions, no one of which is
strictly accurate, but all of which tend to become decent approximations if the diver-
sities are sufficiently numerous and random. These suppositions would become exact
if it were possible to choose a smoothing-interval which could be regarded as an infi-
nitesimal for the smoothed distribution, and yet as infinitely large as compared with
the diversities.

(i) A smoothed-value is unaltered by a second smoothing.

T e bt e s (2)
It follows from (1) and (2) that A’ =0. i..evecmsissssenssnsivsssionsanssossaavoss (3)

(i) The smoothed-value of the product of a deviation into a smoothed-value
vanishes

AB =0, eoverresasissassssaassnssnsnsssaserens (4)
(iii) The product of a number of smoothed-values is unaltered by smoothing.
T B O=A.B.C oo, (5)

(iv) The smoothed-value of a differential coefficient is equal to the differential
coefficient of the smoothed-value

°od _ o
55 =3B i dvnidusios Bibalissabeisaniswsmupssmansn st (6)
The mean of the product of any two diversified quantities 4 and B is accordingly
AB=(A+A)B+B)=AB+A'B. ...coveevuun. (7)

And the deviation of a product takes the following alternative forms, however
large the deviations of the factors may be

(ABY = AB=AB  vopursovnshssrsnasisspnspisngisnsinshsppsnsenassnsnnssasisans (8)
w B B A A B AT 0 3l i done Sinsdewiabosiiliadini (9)
=AB — A'B— A'B containing 4 without bar or dash ...... (10)
= A'B+ AB'— A'B containing B without bar or dash. ...... (11)

In other parts of this book a good deal of attention is given to integrations with
respect to height across strata, and the normal variation with height is then taken
into account. But any ‘“normal” variation is essentially a smooth one, so that in

those integrations we are concerned with the facts, which we here ignore, that 4 is
not exactly equal to 4 nor 4. B.Cto 4.B. C.
Let us now apply these smoothing operations to each of the chief equations.

21



A=<A>+ a

The turbulent and pressure transport terms in Egs. (5.55)—(5 57) are observed
not to be large near the surface in the neutral case —i e, in the absence of buoy-
ancy effects Then the steady balances of the TKE components near the surface

reduce to

1 9u? U 1 ou e

—  =0=—-uw—+ —p— — —, 5.58
2 0Ot o dz +,op8x 3 ( )
1602 1 3v e (5.59)
25t 0Py 3 "

1 w2 1" dw €

L == —-p— — 5.60
2 ot ,opé‘z 3 (60

Incompressibility implies that the pressure covariances in Egs. (5 58)—(5 .60) sum
to zero,

ou n Jv N Jw _ du; _0 (5.61)
Pax TPy TP, TP T "

so we conclude that they represent intercomponent IKE transfer Thus, we interpret



Otrosnimerosadimensionales

ZIL, Leslalongitudde MoninObukhov

K [ -1&K BP=SP

zK [ Ri ftcuandoseapequeing

10.2.3 The application of M-O similarity

An unknown dependent variable plus the five M-O governing parameters com-
prise m = 6 parameters with n = 4 dimensions: length, time, temperature, and
¢. Thus, there are m — n = 2 mmdependent dimensionless quantities that are
functionally related. M-O similarity takes one as the dependent variable nondimen-
sionalized with z, 1., T, = — Qp/u and c.. = —Cy/u,; the other is taken as z/L,
where L = _”290 /kgQq is the Monin-Qbukhov length T k =~ 0. 4 is the von Kéi-
mén constant * The Buckingham Pi Theorem then says that this nondimensionalized
dependent variable is a function only of z/L

L 1s negative in unstable conditions ((J¢ > 0), positive in stable conditions
(Qo < 0), and infinite at nentral (Qp = 0); thus, the range of the M-O independent
vatiableis —o0 < z/L < oo Conditions ate near-neutral when |z/ L is sufficiently
small, which occurs near the surface when z < |1]



M-0O similarity implies that the surtface-layer gradients of mean wind speed, mean
virtual potential temperature, and mean watei vapor mixing ratio behave as

kz oU kzu, 000  kz 0®
OU L, (2), K30 k200, 5y
Uy 07 L Qg 0z T, 07
(10.12)
szu* oC szC_(f) ( )
Co 97  cu 07 ¢ ’

with ¢, ¢n, and ¢ being functions of z /L that are universal—the same in all locally
homogeneous, quasi-steady surface layers. The minus sign in the definitions of T,

and ¢, makes ¢y, and ¢, positive, as ¢, is

Gradientesadimensionalesienenuna
F2NXI dadzy A OSNEI f ¢

Principio desimilaridad

Figure d4 [imensimlos wind geadien @, (apm circles) end Lemperanre gradion! e
ek clrches) o At on of dimeerss on beis Beiphe, = 5L {after K and Besisges (15941
aopyrigied Chofd Uil versity Press, Tac., reprinted with pemissos)
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F16. 59. Unreduced tracings of the accelerometer records.
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NCLvsprofundidadde CLC

Caribe 1946
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Fic. 62. Observed relation between the level of lift-
ing condensation and the height of the homogeneous
layer.
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Capdimite nocturna

The stable (nocturnal) boundary layer

z (m)

460 |

300 |
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166G |-
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Fig. 6 11 Sample € profiles under clear sky, night-time conditions from the WANG
(left) and VOVES (right) experiments Arrows indicate the respective heights o
surface inversion (k;), low-level wind maximum (#,) and NBL (k). After Andr
Mahrt (1982), Journal of Annospheric Sciences, American Meteorological Society
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168 The thermally stratified ABL

0 05 1
wWaIw )y
Fig 613 The normalized heat flux as a function of normalized height, showing the

Cabaow observations and the ptedictions of Eq. 6.56, where it is assumed that
w'8" = w'6," From Nieuwstadt (1985), by permission of the Oxford University Press.

e calor CLE

The stable (nocturnal} boundary layer 169

0 05 1
T e 57

Fig 6.14 The normalized stress magnitude as a function of normalized height, showing
the Cabaow observations and the predictions of Eq 6.39 From Nieuwstadt (1985), by
permission of the Oxford University Press
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- 26 Stations at the Albany region: moderately complex terrain and the
presence of obstacles (trees and buildings)
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ALBANY TOPOGRAPHY

15

Data available:

1-minute averaged, g, winds

maximum wind gust in the minute

1-4 m vertical T difference
(at stations 1, 4, 5, 9, 16, 17)

Tethered balloon profiles
on clear nights

7 September to 7 November, 198
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La transicionde lacapasuperficialpor la tarde
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Disminuciorde ECT en leapade mezcla
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FIG. 8. The vertical temperature flux profile, nondimensionalized
with the surface flux at £ = 0, as function of height and at several

nondimensional times. These data are from experiment 1.
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F1G. 9. The horizontally averaged temperature profile at several
nondimensional times. (Data from experiment 1.)



Enfriamientoradiativoobservadoy simulado

Radiative cooling is
important near the
surface only during
first half of the night.

Four days of simulation of the evolution of the
spatially averaged radiative cooling rate and net
surface radiation at 30 minute intervals.





















































































































